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Press  of  J.  J.  Little  &  Co. 
Astor  Place,  New  York. 


OFFICERS 

OK    THE 

AMERICAN   SOCIETY   OF   MECHANICAL 
ENGINEERS, 

1897-1898, 

FORMING   THE   STATUTORY   COUNCIL. 


PRESIDENT. 
Charles  Wallace  Hukt New  York  City. 

VICE-PRESID  KNTS. 

E.  S.  Cramp Philadelphia,  Pa. 

S.  T.  Wellman Cleveland,  Ohio. 

W.  F.  DuRFKE New  York  City. 

Terms  expire  at  Anuual  Meeting  of  1898. 

John  C.  KAFER .' New  York  City. 

Chas.  M.  Jarvis Berlin,  Conn. 

Walter  S.  Russel Detroit,  Mich. 

Terms  expire  at  Annual  Meeting  of  1899. 

MAN  AG  BUS. 

Nouman  C.  Stiles Watertown,  N.  Y. 

E.  D.  Meier St.  Louis.  Mo. 

Geo.  W.  Dickie San  Francisco.  Cal. 

Terms  expire  at  Annual  Meeting  of  1898. 

H.  S.  HAiNEd In  Europe. 

Gus.  C.  Henning New  York  City. 

A.  Wells  Robinson So.  Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1899. 

Jas.  B.  Stanwood Cincinnati,  Ohio. 

Henry  H.  Suplee New  York  City. 

Geo.  Rich.\iond New  York  City. 

Terms  expire  at  Annual  Meeting  of  1900. 

TREASURER. 
Wm.  H.  Wiley No.  53  East  10th  St.,  New  York  City. 

SECRETARY. 
Prof.  F.  R.  Hutton No.  13  West  ;31st  St.,  New  York  City. 


NOTE. 

The  considerable  bulk  of  the  annual  volume  of  Transactions  has  induced  the 
Publication  Committee  to  direct  that  the  full  list  of  members  of  the  Society 
should  be  omitted  from  the  preliminary  matter  therein.  The  list  which  would 
have  been  published  in  this  volume  is  that  which  was  corrected  up  to  July,  1898, 
and  which  was  issued  at  that  time  in  pamphlet  form  as  a  second  edition  of  the 
Nineteenth  Catalogue.  The  following  summary  records  the  number  of  members 
in  each  grade  : 

Honorary  Members 15 

Members 1,394 

Associate  Members 124 

Junior  Members , 343 

Total  Membership 1,8^6 

Life  Members  * '. 73 

*  These  Life  Members  are  included  in  the  total  membership  above,  in  the  class  to  which 
they  belong. 


PAST    OFFICEKS. 

(Executive.) 

PRESIDENTS. 
R.  H.  Thukston  (April  7tli,  1880— Nov.  ad,  1882),  E.  D.  Leavitt,  Jb.  (Nov.  3d, 
1882— Nov.  3d.  1883),  John  E.  Sweet  (Nov.  3d,  1883— Nov.  7tb.  1884),  J.  F. 
HoLLOWAY*  (Nov.  7th,  1884— Nov.  13tli,  1885),  Coleman  Selleks  (Nov.  13tb, 
1885— Dec.  2d,  188G),  Geo.  H.  Babcock  f  (Dec.  2d,  1886— Dec.  1st,  1887),  Horace 
See  (Dec.  1st,  1887— Oct.  18th,  1888),  Henry  K.  Towne  (Oct.  18th,  1888— Nov. 
22d,  1889),  Oberlin  Smith  (Nov.  22d,  1889— Nov.  14th,  1890),  Kobt.  W.  Hunt 
(Nov.  14th,  1890— Nov.  20th,  1891),  Chas.  H.  Loring  (Nov.  20th,  1891— Nov. 
29th,  1892),  Eckley  B.  Coxe^  (Nov.  29th,  1892— Dec.  4th,  1894),  E.  F.  C,  Davis  j^ 
(Dec.  4th,  1894— Aug.  6th,  1895),  Chas.  E.  Billings  ||  (Aug.  6th,  1895— Dec.  3d, 
1895),  John  Fritz  (Dec.  3d,  1895— Dec.  5th,  1896),  Worcester  R.  Warner 
(Dec.  5tb,  1896— Dec.  3d,  1897). 

TREASURERS  AND   SECRETARIES. 

Treasurers.— hYCVRGVs  B.  Moore  (April  7th,  1880— Dec.  2d,  1881),  Chas.  W. 
COPELAND  t  (Dec.  2d,  1881— Nov.  7th,  1884). 

Secretaries.— Lycvuovs  B.  Moore  {Acting,  April  7th,  1880— Nov.  4th,  1880), 
Thos.WhitesideRae**(Nov.  4th,  1880— March  1st,  1883). 


MEMBERS   OF   PREVIOUS   COUNCILS. 
VICE-PRESIDENTS. 

Henry  R.  Worthington,!!  Coleman  Sellers,  Eckley  B.  Coxe,^  Q.  A. 
Gillmore,  Wm.  H.  Shock,  Alex.  L.  Holley,|:j:  F.  A".  Pratt,  W.  P.  Trow- 
bridge,§g  E.  D.  Leavitt,  Jr.,  Chas.  E.  Emery,  John  Fritz,  Henry  Morton, 
Wm.  Metcalf,  S.  B.  Whiting,  A.  B.  Couch,  W.  R.  Eckuart,  J.  V.  Merrick, 
Charles  W.  Copeland,*[  Olin  Landreth,  Henry  R.  Towne,  C.  H.  Loring, 
Horace  See,  Allan  Stirling,  Jos.  Morgan,  Jr.,  C  T.  Porter,  Horace  S. 
Smith,  W.  S.  Q.  Baker,  H.  G.  Morris,  C.  J.  H.  Woodbury,  Thos.  J.  Borden, 
Wm.  Kent,  Chas.  B.  Richards,  Joel  Sharp,  Geo.  W.  Weeks,  De  Volson 
Wood,  S.  W.  Baldwin,  John  F.  Pankhurst,  Alexander  Gordon,  Geo.  I. 
Alden,  E.  F.  C.  Davis,  Irving  M.  Scott,  C.  W.  Hunt,  Thos.  R.  Pickering, 
Edwin  Reynolds,  C.  E.  Billings,  Percival  Roberts,  Jr.,  H.  J.  Small,  F. 
H.  Ball,  Jesse  M.  Smith,  M.  L,  Holman,  Geo.  W.  Melville,  Chas.  H.  Man- 
ning, and  Francis  W.  Dean. 

MANAGERS. 

W.  P.  Trowbridge,  §§  T.  N.  Ely,  J.  C.  Hoadley,  ||||  Washington  Jones, 

Wm.  B.  Cogswell,  F.  A.  Pratt,  Chas.  B.  Richards,  S.  B.  Whiting,  J.  F.  Hol- 

LOWAY,  Geo.  W.  Fishek,  Allan  Stirling,  Geo.  H.  Babcock,  S.  W.  Robinson, 

Jno.  E.  Sweet,  R.  W.  Hunt,  Chas.  T.  Porter,  C.  J.  H.  Woodbury,  W.  F. 

Durfee,   Oberlin   Smith,   C.   C.   Worthington,    Wm.   Lee  Church,   Wm. 

Hewitt,  C.   H.   Morgan,  H.   A.  Hill,  Wm.  Kent,   S.  T.  Wellman,  F.  G. 

Coggin,  j.  T.  Hawkins,  T.  R.  Morgan,  Sr.,  S.  W.  Baldwin,  Fred'k  Grin- 

nell,  Morris  Sellers,  Frank  H.  Ball,  Geo.  M.  Bond,  Wm.  Forsyth,  Jas. 

E.  Denton,  Carleton  W.  Nason,  H.  H.  Westinghouse,  Andrew  Fletcher, 

Worcester  R.  Wakner,  Coleman.  Sellers,  Jr..  Jas.  M.  Dodge,  Robt.  For- 

SYTH,  Jesse  M.  Smith,  Chas.  H.  Manning,  C.  W.  Ptjsey,  John  Thomson,  John 

B.  Hehreshopf,   L.  B.   Miller,  W.  S.  Russel,  John  C.  Kaper,  Chas.   A. 

B.\uer,  and  Arthur  C.  Walworth. 

^Died,  Sept.  1,  1896.  tDiedTD^^ie,  1893.  ,     ^     .  J  D.'«l'  ^'"^  l^'Ji!^' 

§  Died,  Aug.  6,  1895.  II  Unexpired  term  of  Mr.  Davis.  \ Died.  Feb.  '-^^f- 

**  Died,  May  27,  1893.  +t  Died.  Dec.  IT,  1880.  XX  Died,  Jan.  29,  1882. 

§§  Died,  Aug.  12,  1892.  II  Died,  Oct.  21, 1886. 


HONORARY  COUNCILLORS 


Past  Presidents  of  the  Society. 


R.  H.  Thurston 

E.  D.  Leavitt 

John  E.   Sweet 

Coleman  Sellers 

Horace  See , 

Henry  R.  Towne 

Oberlin  Smith 

Robert  W.  Hunt 

Charles  H.  Loring 

Charles  E.  Billings  *  . . 

John  Fritz 

Worcester  R.  Warner. 


880—1882 Ithaca,  N.  Y. 

883—1883 Cambridgeport,  Mass. 

883—1884 Syracuse,  N.  Y. 

885—1886 Pluladelphia,  Pa. 

887—1888 New  York  City. 

888—1889 Stamford,  Conn. 

889—1890 , .  .Bridgeton,  N.  J. 

890—1891 Chicago,  111. 

891—1892 Brooklyn,  N.  Y. 

. .  1895 Hartford,  Conn. 

895—1896 Bethlehem,  Pa. 

896—1897 Cleveland,  Ohio. 


[Note.— The  former  Presidents  of  the  Society  are  members  of  the  Council  for  life  or  during^ 
their  retention  of  active  membership  in  the  Society.] 

*  Unexpired  term  of  E.  P.  C.  Davis. 


RULES   OF   THE   AMERICAN   SOCIETY   OF 
MECHANICAL   ENGINEERS. 


Akt.  1.  The  objects  of  the  American  Society  of  Mechanical 
Engineers  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering-  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among 
its  members,  the  information  thus  obtained. 

Art.  2.  All  persons  connected  with  engineering  may  be  eli- 
gible for  admission  into  the  Society. 

Art.  3.  The  Society  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Juniors. 

Art.  4.  Honorary  Members,  not  exceeding  twent3'-five  in 
number,  may  be  elected.  They  must  be  persons  of  acknowledged 
professional  eminence. 

Art.  5.  To  be  eligible  as  a  Member,  the  candidate  must  be 
not  less  than  thirty  years  of  age,  and  must  have  been  so  con- 
nected with  engineering  as  to  be  competent  as  a  designer  or  as  a 
constructoi',  or  to  take  responsible  charge  of  work  in  his  depart- 
ment, or  lie  must  have  served  as  a  teacher  of  engineering  foi- 
more  than  five  years. 

Note. — The  Rules  of  the  Society,  adopted  in  1880,  were  in  force  until  1884, 
when  they  received  general  revision  by  a  careful  committee,  whose  report,  dis- 
tributed by  letter  ballot,  was  adopted  November  5,  1884.  In  December,  1894, 
a  similar  extensive  revision  was  made  under  direction  of  the  Council,  and  the 
present  rules  are  those  of  1894.  They  include  the  amendments  made  in  1889, 
1891,  and  1893,  which  were  the  only  changes  since  the  revision  of  1884. 


via  RULES   OF   THE 

Art.  0.  To  be  eligible  as  an  Associate  the  candidate  must  be 
not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
qualifications  of  a  member  ;  or  he  shall  have  been  so  connected 
Avjth  engineering  as  to  be  competent  to  take  charge  of  work,  and 
to  cooperate  with  engineers. 

Art.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
had  such  engineering  experience  as  will  enable  him  to  fill  a 
responsible  position,  or  he  must  be  a  graduate  of  an  engineering 
school. 

Art.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honoraiy  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  pi'oposers. 

Art.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  experience 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws, 
rules,  and  requirements  of  the  Society.  He  must  refer  to  at 
least  five  Members  or  Associates  to  whom  he  is  personally 
known.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form,  and  refer  to  not 
less  than  three  Members  or  Associates  to  whom  he  is  personally 
known. 

Art.  11.  The  referees  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
on  a  form  to  be  prepared  by  the  Council,  setting  forth  in  detail 
such  information,  personally  known  by  the  referee,  as  shall  en- 
able the  Council  to  arrive  at  a  proper  estimate  of  the  eligibility 
of  tlie  candidate  for  admission  to  the  Society.  Such  confidential 
communications  shall  be  destroyed  by  the  Secretary  as  soon  as 
the  vote  has  been  officially  declared. 

Art.  12.  All  applications  for  membership  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,   with  the   applicant's   consent,  the   grade   in 
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the  Society  to  which,  in  its  opinion,  his  qualifications  entitle  him. 
The  names  of  those  candidates  I'ecommeiuled  for  election  by  the 
Societ}''  shall  be  imniediatel}'  printed  on  a  ballot,  and  the  ballot 
mailed  at  once  by  the  Secretarj^  to  each  voting  member  of  the 
Society.  Persons  desiring  to  change  their  gi-ade  of  membership 
from  junior  to  associate  or  from  associate  to  member  shall  make 
iin  application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  ap})licant. 

Akt.  13.  A  member  entitled  to  vote  may  leave  the  name  of 
any  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  he  may  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so  approved 
by  him  in  a  sealed  blank  envelope,  and  enclose  this  envelope  in  a 
second  envelope,  on  which  he  shall  write  his  name,  and  mail  the 
same  to  the  Secretary  of  the  Societ3^  A  ballot  without  such 
endorsement  shall  be  rejected  as  defective.  The  rejection  of  a 
candidate  by  seven  voters  shall  defeat  his  election. 

Art.  l-i.  The  aforesaid  envelopes  containing  the  ballots  shall 
be  opened  by  the  Council,  at  any  meeting  thereof,  and  the  names 
■of  those  elected  shall  be  announced  in  tlie  next  meeting  of  the 
Societ3\  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recorded  in  the  proceedings. 

Art.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Council  may  then,  bv  a  three-fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votes  shall 
be  required  to  defeat  the  candidate. 

Art.  16.  Honorary  members  shall  be  elected  by  the  unanimous 
vote  of  the  Council,  through  a  letter  ballot,  not  less  than  sixt}" 
days  subsequent  to  the  proposal,  a  notice  of  which  proposed  elec- 
tion shall  have  been  mailed  at  once  by  the  Secretary  to  each 
member  of  the  Council. 

Art.  17.  Each  person  elected,  excepting  honorary-  members, 
must  subscribe  to  the  Rules  of  the  Society,  and  pay  the  initiation 
fee  before  he  can  receive  a  certificate  entitling  him  to  the  rights 
and  privileges  of  the  Society,  and  to  wear  the  emblem  appropriate 
to  his  grade.  If  this  paj^ment  is  not  made  within  six  months  of 
the  election,  the  same  shall  be  void,  unless  the  time  is  extended  by 
the  Council.  The  emblems  of  each  grade  of  membership  shall  be 
worn  by  those  only  who  belong  to  that  grade. 
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Art.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unani- 
mous vote,  through  a  letter  ballot,  to  admit  to  life  membership, 
"without  the  payment  of  the  sura  above  named,  such  person  as  for 
a  lonic  term  of  vears  has  been  a  member  or  an  associate,  when 
such  a  procedure  would  in  its  judgment  be  for  the  best  interests 
of  the  Societv ;  provided  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council. 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  the  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken  from 
the  list  of  members.  Such  person  may  l)e  restored  to  the  priv- 
ileges of  membership  by  the  Council  on  payment  of  all  arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Vice-Presidents,  nine  Managers, 
and  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Society. 

All  past  (ex)  Presidents  of  the  Society,  Avhile  they  retain  their 
membership  therein,  shall  be  known  as  Honorarv  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
and  may  take  part  in  an\^  of  its  deliberations ;  they  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  affect  the  legal 
rights  or  obligations  of  the  Societ}''  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Societ}^  at  the  annual 
meetings,  and  shall  hold  oflBce  as  follows  : 

The  President  and  the  Treasurer  for  one  year  ;  and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall 
have  held  that  office  for  two  consecutive  years ;  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years;  and  no 
Vice-President  or  Manager  shall  be  eligible  for  immediate  re-elec- 
tion to  the  same  oflBce  at  the  expiration  of  the  term  for  which  he 
was  elected. 

Art.  22.  A  Secretary,  who  shall  be  a  member  of  the  Societ}'', 
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shall  be  appointed  for  one  year  b}'  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as 
soon  thereafter  as  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  b}''  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  inonth's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  be  removed, 
and  he  has  been  heard  to  that  effect.  The  Secretary  may  take 
part  in  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  His  salary  shall  be  fixed  for  the  time  he 
is  appointed  b}^  a  raajorit}'  vote  of  the  Council. 

Art.  23.  At  each  annual  meeting,  a  President,  three  Vice- 
Presidents,  three  Managers,  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  of  each  shall  continue  until  the  end  of  the 
meetino-  at  which  their  successors  are  elected. 

Art.  2-1.  The  duties  of  all  officers  shall  be  such  as  usually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Society.  The  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Art.  25.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
cancies and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so  ap- 
pointed shall  hold  office  for  the  remainder  of  the  term  for  which 
his  predecessor  was  elected  or  appointed  ;  provided  that  the  said 
appointment  shall  not  render  him  ineligible  at  the  next  annual 
meeting. 

Art.  20.  Five  members  of  the  Council  shall  constitute  a  quo- 
rum. Members  of  a  Council  absent  from  a  meeting  may  vote  by 
letter  upon  subjects  stated  in  the  call  for  the  meeting,  said  vote 
to  be  deposited  with  the  Secretary. 

Art.  27.  The  President  on  assuming  office  shall  appcjint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  eacli  Committee  shall  expire  ;it  the  end  of  each 
year.  The  Secretary  shall,  ex  officio^  be  a  member  of  all  three 
committees. 

Art.  28.  The  Finance  Committee  shall  liave  power  to  order  all 
oi'dinary  or  current  expenditures,  and  shall  audit  all  bills  therefor. 
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jVo  bill  shall  be  paid  except  upon  their  audit.  When  special  ap- 
j)i-()pfiations  are  oi'dered  by  the  fSocietv,  they  shall  not  take  effect 
until  they  have  been  referred  to  the  CJouncil  and  Finance  Com- 
mittee in  conference. 

Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional  meet- 
ings of  the  Society.  They  shall  see  that  all  editorial  revisions  of 
the  proceedings,  papers,  discussions,  and  reports  are  made;  and 
to  decide  what  parts  of  the  same  shall  be  published  in  the  pro- 
ceedings of  the  Society.  The  Council  may,  at  its  discretion, 
revise  any  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  dut}'^  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  nominating  committee  of  five  members,  not  officers  of  the 
Society,  shall  be  appointed,  and  this  committee  shall,  at  least 
thirty  days  before  the  annual  meeting,  send  to  the  Secretary  the 
names  of  nominees  for  the  offices  falling  vacant  under  the  rules. 
In  addition  to  such  regularly  appointed  committee,  any  other  five 
members  or  associates,  not  in  arrears,  may  constitute  an  inde- 
pendent nominating  committee,  and  may  present  to  the  Secre- 
tar}',  at  least  thirty  days  before  the  annual  meeting,  all  the  names 
of  such  candidates  as  they  may  select.  All  the  names  of  such 
independent  nominees  shall  be  placed  upon  the  ballot  list,  with 
nothing  to  distinguish  them  from  the  nominees  of  the  regular 
committee,  and  the  Secretary  shall  at  once  mail  the  said  list  of 
names  to  each  member  and  associate  in  the  form  ©f  a  letter  ballot, 
it  being  understood  that  the  assent  of  the  nominees  shall  have 
been  secured  in  all  cases. 

Art.  32.  In  the  election  of  Yice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Yice-Presidents 
to  be  elected.  He  may  give  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  same  Avay. 

Art.  33.  Any  member  or  associate  entitled  to  vote  may  vote 
by  retaining  or  changing  the  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  officers  to  be  elected,  and  returning 
the  list  to  the  Secretary — such  ballot  enclosed  in  two  envelopes, 
the  inner  one  to  be  blank  and  the  outer  one  to  be  endorsed  by 


AMERICAN   SOCIETY   OF   MECHANICAL   ENGINEERS.  xiii 

the  voter.  No  member  or  associate  in  arrears  since  the  last 
annual  meeting  sliall  be  allowed  to  vote  until  said  arrears  shall 
have  been  paid. 

Art.  3-i.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  greatest  number  of  votes  for  the  several  offices  shall  be  de- 
clared elected. 


MEETINGS. 

Art.  85.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Tuesday  in  December  of  each  year,  in  the  City  of  New 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Coun- 
cil. The  Council  may  change  the  place  of  the  annual  meeting, 
and  shall,  in  that  case,  give  timely  notice  to  members  and  asso- 
ciates. 

Art.  30.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Coancil  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates  and  juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  Council 
may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Art.  38.  Any  member,  honorary  member  or  associate,  may  in- 
ti'oduce  a  stranger  to  any  meeting;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 

Art.  40.  At  any  regular  meeting  of  the  Society  thirteen  or 
more  members  and  associates  shall  constitute  a  quorum. 

Art.  41.  Unless  otherwise  ordered,  {)apers  shall  be  rejid  in  the 
order  in  which  their  text  is  received  by  the  Secretary.  Before 
any  paper  appears  in  the  Transactions  of  the  Society,  a  copy  of 
the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
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who  took  part  in  the  same,  with  requests  that  attention  fhall  be 
called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  with  the  Society's  imprint,  as 
its  Transactions.  The  Secretary  sliall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illus- 
trating the  same ;  and  at  the  time  of  such  reading,  or  as  soon 
thereafter  as  practicable,  he  shall  cause  to  be  printed,  with  the 
authors*  consent,  copies  of  such  papers,  "  subject  to  revision,"  with 
such  illustrations  as  are  needed  for  the  Transactions,  for  distribu- 
tion to  the  members  and  for  the  use  of  technical  newspapers, 
American  and  foreign,  which  may  desire  to  reprint  them  in  whole 
or  in  part.  The  policy  of  the  Society  in  this  matter  shall  be  to 
give  papers  read  before  it  the  widest  circulation  possible,  with  the 
view  of  making  the  work  of  the  Society  known,  encouraging 
mechanical  progress,  and  extending  the  professional  reputation  of 
its  members. 

Aet.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing;  provided,  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the  state- 
ments of  fact  or  opinion  advanced  in  papers  or  discussions,  at  its 
meetings ;  and  it  is  understood  that  papers  and  discussions  should 
not  include  matters  relating  to  politics  or  purely  to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  present  \  provided,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
previous  meeting. 
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IsTOVEMBER  SOth  to  DEOEMBEE  3cl,  1897. 

BEINO  ALSO  THE  EIGHTEENTH  ANNUAL  MEETINU  OF  THE  SOCIETY. 


DCCXLIX. 

PROCEEDINGS 

OP    THE 

MW    YORK   MEETING 

(XXXVIth) 

OF   THE 

AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS, 

November  30th  to  December  3d,  1897. 


The  eighteentli  annual  meeting  of  the  Society  (being  also  its 
thirty-sixth  convention)  was  held  in  New  York  City  during  the 
period  November  30  to  December  3,  1897.  The  sessions  for 
papers  were  convened  in  the  auditorium  of  the  Society's  house, 
12  West  Thirty-first  Street,  and  in  the  parlors  and  library  ad- 
joining the  meeting  hall  a  large  number  of  guests  and  visitors 
was  always  to  be  found. 

The  opening  session  was  called  to  order  about  nine  o'clock 
on  Tuesday  evening  by  the  Secretary  of  the  Society,  who,  after 
a  few  words  of  greeting  in  the  name  of  the  New  York  members, 
read  a  letter  just  received  from  Mrs.  E.  Anna  Gary,  widow  of 
the  late  Alanson  Gary,  as  follows  : 

14  West  77th  Stkeet. 

The  Americax  Society  of  Mechanical  Engineers, 
13  ^^'est  31st  Street,  New  York. 
Geutlemen.— The  portrait  of  Robert  Fulton,  painted  by  himself,  which   was 
loaned   to  you  two  years  ago  by  Alanson   Cary,  I   now  wish  to  present  to  the 
American    Society   of    Mechanical   Engineers,   in  hia   memory,    feeling  that  it 
would  be  his  desire  to  have  me  do  so. 
Hoping  that  this  gift  may  prove  acceptable,  I  remain, 

Very  truly  yours, 

R.  Anna  Cart. 
November'  30,  1897. 
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On  'motion,  the  Society  directed  that  a  resolution  of  thanks 
shoukl  be  transmitted  to  Mrs.  Carj  by  the  Secretary,  and  that 
suitable  memorial  inscription  bo  jjlaced  upon  the  portrait  of 
Eobert  Fulton,  which  was  hanging  over  the  chair  of  the  Presi- 
dent, at  the  end  of  the  auditorium. 

The  meeting  was  then  turned  over  to  the  President  of  the' 
Society,  Mr.  Worcester  E.  Warner,  of  Cleveland,  who,  before 
proceeding  to  the  delivery  of  his  annual  address  as  Piesident, 
appointed  the  tellers,  required  under  Article  o4  of  the  Rules,  to 
count  the  ballots  cast  for  officers  to  be  elected  at  this  meeting. 
Messrs.  George  I.  Eockwood  and  E.  N.  Trump  were  appointed 
to  this  duty,  and  the  President  then  proceeded  to  his  address. 
It  was  entitled  "The  Telescope  Considered  Historically  and 
Practically,"  and  was  illustrated  by  well-chosen  lantern  slides 
from  interesting  sources,  which  were  exhibited  at  the  close  of 
the  formal  reading  of  the  paper.  A  contribution  by  Mr.  John. 
A.  Brashear  on  the  subject  of  "  Optical  Glass  "  was  appended  to 
the  address,  but  was  not  read  in  full,  owing  to  the  lateness  of 
the  hour.  At  the  close  of  the  address  and  its  illustrations  the 
Society  took  a  recess  until  the  following  morning,  and  the  re- 
mainder of  the  evening  was  devoted  to  social  reunion,  with  a 
large  number  of  members  in  attendance. 

Second  Day.     Wednesday,  December  1st. 

The  regular  sessions  of  the  annual  meeting  of  the  Society 
began  with  the  meeting  of  this  morning,  at  ten  o'clock,  in  the 
Society's  auditorium.  The  large  number  already  registered  in- 
dicated that  the  numerical  success  of  the  meeting  was  assured. 
The  plan  was  again  adopted  of  numbering  the  lines  on  the  offi- 
cial register  and  providing  that  a  monogram  button  badge  worn 
at  the  convention  should  bear  a  number  corresponding  to  the 
number  on  the  register.  Transcripts  from  the  official  register 
were  printed  at  short  intervals  and  distributed  to  the  members^ 
so  that  it  will  be  apparent  that  every  one  could  immediately 
ascertain  the  name  of  any  other  member  present,  without  the 
embarrassment  of  a  direct  question,  and  the  result  showed  that, 
in  spite  of  its  great  size,  the  meeting  was  one  of  the  most  suc- 
cessful on  its  social  side.  The  register  shoAved  the  following 
persons  in  attendance  from  the  list  of  members.  The  total 
registered,  including  guests,  was  six  hundred  and  ten. 
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Braine,  B.  G. 
Brashear,  .John  A. 
Bray,  C.  W. 
Bristol,  W.  H. 
Brown,  F.  G.,  Jr. 
Brown,  L.  L. 
Brown,  R.  S. 
Brown,  Wm.  Clinton. 


Bulkley,  Henry  W. 
Burchard,  A.  W. 
Cadwell,  Wm.  D. 
Caldwell,  A.  J. 
Carlton,  Newcomb. 
Carpenter,  A.  H. 
Carpenter,  R.  C. 
Cary,  A.  A. 
Cassier,  Louis. 
Chase,  Wm.  L. 
Cheney,  Walter  L. 
Chvistensen,  A.  C. 
Clarke.  Sam'l  J. 
Cogswell,  Wni.  B. 
Cole,  F.  J. 
Colvin,  F.  H. 
Colwell,  A.  W. 
Comly,  Geo.  N. 
Connell,  Jas.  A. 
Connelly,  J.  A. 
Conover,  E.  K. 
Conrad,  H.  V. 
Corbett,  Chas.  H. 
Coster,  E.  L. 
Cowles,  W.  B. 
Cox,  J.  D.,  Jr. 
Crain,  J.  J. 
Creiner,  Jas.  ^L 
Cruikshank,  Barton. 
CuUingworth,  Geo.  R. 
Curtis,  R.  E. 
Dale,  0.  G. 
Dallett,  W.  P. 
Darling,  Ed,  A. 
Darrin,  D.  H. 
Davis,  L.  K. 
Dean,  F.  W.' 
Deane,  Chas.  P. 
Derbyshire,  Wm.  H. 
Dinkel,  Geo.,  Jr. 
Dodge,  Jas.  M. 
Dorau,  W.  S. 
Doty,  Paul. 
Dow,  Alex. 
Dunn,  Chas. 
Durfee.  W.  F. 
Earll,  Charles  I. 
Edson,  .Jarvis  B. 
Edwards,  J.  L 
Elilers,  Peter. 


Emery,  Chas.  E. 
Evans,  Quiniby  N. 
Ewer,  R.  G. 
Faber  du  Faur,  A. 
Ferguson,  Geo.  R. 
Fish,  Chas.  H. 
Fisher,  Clark. 
Fladd,  Fred.  C. 
Flagg.  Stanley  G. 
Fletcher,  Andrew. 
Flinn,  Thos.  F. 
Flint,  B.  P. 
Floyd,  Fred.  W. 
Forbes,  Wm.  D. 
Foster,  E.  H. 
Francis,  Harry  C.  • 
Freeman,  John  R. 
Frevert,  H.  F. 
Frith,  Arthur  J. 
Fritz,  John. 
Gale.  Horace  B. 
Garfield.  L.  M. 
Giles,  C.  E. 
Girvin,  C.  J. 
Goetz,  F.  A. 
Goubert,  A.  A. 
Gould,  W.  V. 
Granger,  A.  S. 
Green,  S.  M. 
Greene,  D.  J. 
Greenleaf.  G.  E. 
Greensmith,  .Tames  E. 
Grimm,  Paul  H. 
Guelbaum,  David. 
Hale,  R.  S. 
Hall,  F.  A. 
Halsey,  F.  A. 
Hamilton,  .J.  V. 
Hammer,  W.  ,J. 
Harding,  F.  W. 
Hartness,  James. 
Haskins,  H.  S. 
Hawkins,  John  T. 
Hawkins,  W.  C. 
Henderson,  Alex. 
Henning,  Gus  C. 
Hibbard,  H.  D. 
Higgins,  C.  P. 
Hill,  Warren  E. 
Hillard,  Chas.  J. 
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lloffockor.  W.  L. 
Holly,  E.  P. 
lloppos.  John  J. 
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Kirchhoff,  Chas. 

Knight,  A.  F. 
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Laforge,  F.  H. 
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Lenssen,  Arthur,  Jr. 

Leonard,  T.  S. 
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Lieb,  John  W. 
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Mayo,  John  B. 
Meatz,  John  T. 
Mellin,  Carl  J. 
Mesta,  Geo. 
Meyer,  H.  C,  Jr. 
Miller,  Alex. 
Miller,  Fred.  J. 
Miller,  L.  B. 
Miller,  Spencer. 
Mitchell,  B.  M. 
Moeller,  Franklin. 
Monaghan,  Wm.  F. 
Montgomery,  H.  M. 
Moore,  D.  G. 
Moore,  M.  F. 
Morehouse,  W.  S. 
]VIorgan,  C.  H. 

Morgan,  P.  B. 
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Paul,  J.  W. 
Pearson,  Wm.  A. 
Perkins,  T.  C. 
Phillips,  Franklin. 
Phillips,  Geo. 
Phipps,  C.  W. 
Plamondon,  C.  A. 
Piatt,  John. 
Plummer,  Frank  J. 
Pomeroy,  L.  R. 
Porter,  Chas.  T. 
Pratt,  C.  R. 
Quimby,  W.  E. 
Rand,  Addison  C, 

Randolph,  L.  S. 

Raque,  Philip  E. 

Reist,  H.  G. 

Rennie,  Robt. 

Rettew,  C.  E. 

Rice,  Arthur  L. 

Richards,  Chas.  R, 

Richards,  F.  H. 

Richards,  frank. 

Richmond.  Geo. 

Ridsdale,  T.  W. 

Riesenberger,  A. 

Riker,  A.  L. 

Roberts,  Wm. 

Rockwood,  Geo.  I. 
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Torrance,  Kenneth. 
Torrance,  Henry,  Jr. 
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The  first  business  of  the  General  Session  was  the  Annual  Ke- 
ports  of  the  Council  and  the  Standing  Committees,  which  were 
read  by  the  Secretary,  as  follows  : 


ANNUAL  KEPOBT  OF  THE  COUNCIL. 

The  Council  would  present  to  the  Society,  convened  for  its 
annual  meeting,  the  report  of  business  which  has  been  considered 
by  it  and  of  action  which  has  been  taken  during  the  year. 

Five  meetings  have  been  convened  for  the  consideration  of 
regular  routine  business  and  action  upon  new  matters  affecting 
the  policy  of  the  Society.  The  routine  business  has  been  mostly 
the  consideration  of  applications  for  membership  which  have 
been  received,  and  the  grading  of  such  applicants  pursuant  to 
the  provisions  of  the  rules  and  to  the  judgment  of  the  Council 
in  applying  them.  The  routine  of  this  business  has  received  a 
certain  definiteness  by  the  appointment  of  a  special  committee 
of  five  of  its  members  to  consider  these  applications  as  they 
are  received,  together  with  the  letters  which  are  forwarded  to 
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tlie  Council  as  confidential  communications  concerning  candi- 
dates, and  in  addition  the  sendin*];  to  the  membership  at  large 
an  announcement  of  the  pending  candidacy  of  the  person  named 
upon  the  submitted  list.  This  procedure  is  similar  to  the  pro- 
cess of  "posting"  usual  in  social  and  other  clubs,  and  enables 
the  Council  and  its  committee  to  have  additional  light  over  and 
above  tliat  wliicli  is  contained  in  the  letters  received  from  the 
proposers  of  a  candidate.  The  Council  would  take  this  occasion 
to  urge  upon  the  voting  membershij)  the  necessity  of  writing 
very  fully  concerning  the  candidates  in  whose  election  they  are 
interested,  and  that  members  should  not  be  contented  merely  to 
state  that  in  their  judgment  a  candidate  is  eligible  to  a  certain 
grade,  without  giving  substantial  reasons  for  the  opinion  which 
they  express.  The  Council  has,  furthermore,  directed  the  Secre- 
tary, in  cases  where  this  seems  advisable,  to  communicate  with 
members  resident  in  the  city  or  town  in  which  the  candidate  may 
reside,  to  inquire  concerning  his  standing  and  esteem  in  the  com- 
munity in  which  his  work  is  done. 

Two  interesting  applications  have  been  received  upon  which 
tlie  Council  has  not  felt  itself  able  to  take  final  action.  One  was 
from  a  gentleman  who  had  been  sent  to  this  country  by  the 
Chinese  government  to  study  mining  engineering,  and  after  a 
course  at  Lafayette  College  had  been  recalled  to  China,  and  now 
occupies  the  position  of  chief  engineer  of  one  of  the  considera- 
ble collieries  of  the  North  Province.  The  other  application  was 
received  from  the  head  of  an  important  firm  conducting  engi- 
neering business  in  Madras,  India.  Both  of  these  gentlemen 
were  eligible  in  their  several  grades,  under  the  provisions  of  the 
rules,  but  by  reason  of  their  remote  residence  they  were  not 
acquainted  with  the  five  members  of  the  Society  necessary  under 
these  same  rules  to  act  as  their  proposers.  The  Council  has 
accordingly  directed  the  Secretary  to  draft  an  amendment  to 
the  rules  which  shall  provide,  under  the  proper  restrictions,  for 
the  submitting  of  such  candidates  to  the  membership  in  the 
absence  of  the  personal  acquaintance  which  is  required  from 
candidates  resident  in  North  America.  The  terms  of  the  pro- 
posed amendment,  which  has  received  the  approval  of  tlie  Coun- 
cil, are  as  follows,  and  the  matter  will  be  brought  up  in  its 
proper  place  during  the  convention  : 

Resolved,  That  at  the  end  of  Article  X.  of  the  Rules  of  the 
Society  there  be  added  the  following  paragraph  : 
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"Applications  for  membership  from  engineers  who  are  not  resident  in  North 
America,  and  who  may  Ijb  so  situated  as  not  to  Ije  personally  known  to  five  nunii- 
bers  of  the  [Society,  as  required  in  the  foregoing  paragraph,  may  be  recommended 
for  ballot  by  five  members  of  the  Council,  after  sufficient  evidence  has  been 
secured  which  shall  show  that  in  their  opinion  the  applicant  is  worthy  of  admis- 
sion to  the  grade  which  he  seeks." 

The  present  membersbip  of  the  Society,  inchuliug  the  names 
which  have  been  passed  to  be  balloted  for  previous  to  this  an- 
nual meeting,  is  as  follows  : 

Honorary  members ^" 

jMembers ■ 1,965 

Associates ^^^ 

Junior  members ^"^^ 

Total • 1^ 

The  Council  has  received  many  applications  from  the  libraries 
of  technical  schools  and  other  educational  institutions,  as  well 
as  from  Public  or  State  Libraries,  for  the  receipt  of  its  volumes 
of  Transactions  as  a  gift.  The  Council  has  appreciated  the 
compliment  which  is  paid  by  these  applications  and  has  felt  in 
the  past  desirous  of  meeting  the  wishes  embodied  in  such  re- 
quests, in  view  of  the  benefits  which  the  papers  of  the  Society 
may  be  expected  to  confer  and  the  advantages  which  would  ac- 
crue to  it  if  it  were  well  and  favorably  known  to  any  users  of 
such  libraries.  The  difficulty,  however,  which  has  been  intro- 
duced into  the  Society's  practice  by  the  gradual  increase  in  the 
numbers  who  have  been  receiving  such  gifts  and  who  may  ex- 
pect, on  the  grounds  of  precedent,  that  a  similar  application 
would  be  granted  to  them,  has  forced  the  Council  to  an  attitude 
which  it  regrets,  but  which  seems  to  be  a  necessity  of  the  case. 
The  following  resolution  embodies  the  action  which  was  taken 
and  wull  represent  for  the  present  and  the  immediate  future  the 
attitude  of  the  Society  towards  applications  of  this  sort  :— 

Resolved,  That  all  college  and  educational  institutions  (except  State  or  Public 
Libraries  supported  by  taxation)  which  should  hereafter  request  that  future  vol- 
umes of  the  Transactions  of  the  Society  should  be  sent  to  them,  should  be  re- 
quired to  comply  with  the  general  provision,  and  that  such  volumes  will  in  the 
future  l>e  disposed  of  to  such  institutions  at  the  half  rate  which  is  allowed  to 
members;  viz.,  in  paper  binding,  $.").00  ;  in  half  morocco  binding,  $6.00. 

Resoh-ed,  That  in  the  case  of  such  institutions  as  are  now  receiving  the  vol- 
umes of  the  Society's  Transactions  gratuitously,  or  without  an  equivalent  in 
exchange,  under  previous  resolutions  and  other  actions  of  the  Council,  a  notice 
be  sent  that  the  Council  has  directed  that  this  arrangement  expire  with  the  issue 
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of  tbe  Society's  Trans/icfiotis  for  the  year  1899,  and  that  the  issue  of  the  volume 
for  1900  come  under  the  foregoing  resolution. 

Resolved,  That  similar  institutions  desiring  to  purchase  back  volumes  of  Trans- 
actions to  complete  their  sets  be  permitted  to  do  so  at  the  regular  member's 
rates  of  fo.OO  in  paper  covers  and  $6.00  per  volume  in  the  morocco  bieding. 

At  a  later  meeting,  October,  1897  : 

Ttesolced,  That  State  or  Public  Libraries  which  derive  their  income  from  taxa- 
tion be  allowed  to  procure  back  volumes  or  the  current  and  future  issues  at  the 
usual  rates  to  non-members;  viz.,  at  $10.00  per  volume  in  paper  binding  and 
$11.00  per  volume  in  half  morocco. 

The  Council  and  the  Society  have  been  advised,  through  Mr. 
Wm.  J.  Hammer,  President  of  the  International  Conference  on 
Standard  Electrical  Eules,  that  the  conference  and  the  other  soci- 
eties which  were  contributory  to  the  conference  have  accepted 
the  proposed  standard,  of  which  copies  have  been  furnished  to 
us  for  limited  distribution  to  those  interested.  The  conference 
requests  that  this  Society  will  take  the  usual  action  which  is 
customary  in  such  cases,  and  the  Council  have  directed  that  the 
communication  of  Mr.  Hammer  should  be  read  at  the  annual 
meeting,  and  the  report  of  Mr.  C.  J.  H.  Woodbury,  member  of 
the  Society,  as  a  delegate  to  represent  the  Society  at  the  confer- 
ence, and  on  whom  was  conferred  the  honor  of  being  made  its 
secretary,  should  be  made  matters  of  business  for  the  annual 
meeting. 

Pursuant  to  the  provisions  of  an  agreement  entered  into 
between  the  Society  and  Mr.  Oberlin  Smith,  the  Society  has 
become  tlie  owner,  by  assignment,  of  the  design  patent  taken 
out  by  Mr.  Oberlin  Smith  for  the  oval  form  of  the  standard 
decimal  gauge  for  measuring  and  indicating  the  thickness  of 
metals,  sheet  and  wire,  by  thousandths  of  an  inch,  the  number 
of  thousandths  being  the  number  of  the  notch  in  the  edge  of  the 
oval  gauge.  It  is  not  the  intention  of  the  Society  to  derive 
any  business  advantage  from  the  ownership  of  this  patent,  but 
merely  to  protect  the  decimal  gauge  from  abuse  in  unauthorized 
hands.  In  carrying  out  this  purpose  the  Society  has  given 
manufacturer's  license  to  the  firm  of  Pratt  <fc  "Whitney  of  Hart- 
ford, Conn.,  and  will  be  glad  to  make  a  similar  arrangement, 
upon  request,  with  other  firms  of  good  standing. 

It  has  been  found  to  be  of  sufl&cient  advantage  to  the  Society 
and  the  profession  of  mechanical  engineering  in  America  to  have 
the  Society  officially  represented  in  the  conferences  which  occur 
at  stated  intervals  to  discuss  uniform  methods  of  test  and  test- 
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ing  materials.  These  conferences  are  international  in  character, 
so  far  as  the  European  nations  are  concerned,  and  are  held  at 
biennial  intervals  in  some  European  city.  The  previous  confer- 
ence in  September,  1895,  had  been  held  at  Zurich,  and  the 
Society  had  been  represented  there,  and  it  was  thought  advisa- 
able  that  it  should  also  be  similarly  represented  at  the  confer- 
ence of  August,  1897,  at  Stockholm  in  Sweden.  In  carrying  out 
this  intention  Mr.  Gus  C  Henning,  Secretary  of  the  Society's 
Committee  on  Uniform  Methods  of  Test  and  Testing  Materials, 
and  reporter  of  that  committee,  was  appointed  a  delegate  of  the 
Society,  and  was  instructed  to  take  the  necessary  steps  to  have 
the  Society  become  an  enrolled  member  of  the  conference. 
This  procedure  gives  the  Society,  through  its  delegate,  a  right 
to  vote  upon  questions  brought  up  in  the  conference,  and  the 
provisions  of  the  conference  entitle  delegates  to  one  vote  for 
each  four  hundred  members  whom  he  represents.  A  report 
from  the  Society's  delegate  will  be  made  a  matter  of  business  of 
the  annual  meeting,  and  the  Council  would  take  this  occasion  to 
express  the  indebtedness  which  it  feels  to  Mr.  Henning,  its  dele- 
gate, for  the  time  which  he  has  sacrificed,  without  compensa- 
tion, to  meet  this  assignment  of  duty.  The  Society  has  only 
been  called  on  to  meet  the  travelling  expenses  of  its  delegate. 

In  this  connection  the  Council  has  considered  the  proposition 
as  to  the  appointment  of  a  conference  Committee  on  Standard 
Specifications  for  Iron  and  Steel,  as  reported  in  the  Proceedings 
of  the  Hartford  Convention,  as  upon  pages  652  and  653  of  vol- 
ume xviii.  of  its  Transactions.  In  accordance  with  the  action 
taken  at  Hartford,  this  subject  will  be  made  a  special  order  for 
one  of  the  sessions  of  the  New  York  meeting,  pursuant  to  a  cir- 
cular notice  issued  in  July,  1897,  whereby  members  were  advised 
upon  this  point. 

Under  the  provisions  of  Articles  9  and  16  of  the  Rules,  Mr. 
George  "Westinghouse  of  Pittsburg  was  nominated  by  competent 
persons,  and  after  the  lapse  of  the  statutory  period  a  letter  ballot 
of  the  Council  was  taken,  and  the  distinction  of  honorary  member- 
ship was  by  unanimous  vote  conferred  upon  Mr.  Westinghouse. 

Tlie  Council  has  been  earnestly  invited  to  give  favorable  con- 
sideration to  the  holding  of  the  spring  meeting  of  1898  in  the 
city  of  Omaha,  Neb.,  during  the  continuance  of  the  Trans- 
Mississippi  Exposition.  It  seemed  advisable  to  choose  a  loca- 
tion for  the  spring  meeting  which  should  be  nearer  the  centre 
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of  the  average  residence  represented  in  the  membership,  and 
for  this  reason  the  invitation  has  been  declined,  and  the  Council 
are  giving  favorable  consideration  to  the  holding  of  the  spring 
meeting  of  1898  at  Niagara  Falls  in  New  York  State. 

The  Council  will  also  report  for  record  the  deaths,  since  the 
last  annual  meeting,  of  the  following  persons  : 

B.  M.  Harris,  May  2d ;  Kobert  J.  Gilmore,  July  2d  ;  J.  T. 
Eidgway,  August  27th  ;  Robert  E.  Marshall,  November  30th  ; 
David  L.  Barnes,  December  15,  1896  ;  Francis  A.  Walker  (Hon. 
Member),  January  5th  ;  John  B.  Clements,  March  17th ;  John 
Tliomas,  March  19th  ;  J.  K.  Hallock,  April  2d ;  T.  K.  Foster, 
April  15th  ;  George  H.  Piatt,  May  —  ;  John  H.  Cooper,  May 
9th  ;  James  E.  Grist,  May  21st;  De  Volson  Wood,  June  26th; 
Henry  R.  Stone,  July  5th  ;  Charles  H.  Parker,  August  31st  ; 
A.  L.  Ide,  September  30th  ;  N.  R.  Weaver,  October  5th  ;  Jos. 
Cottier,  October  10th ;  E.  H.  Booth,  October  24,  1897. 

The  Council  would  also  present  for  record  the  report  of  its 
tellers,  appointed  to  count  the  ballots  cast  for  members  seeking 
to  connect  themselves  with  the  Society  just  previous  to  the 
annual  meeting.     The  report  is  as  follows  : 

BEPORT  OF  TELLERS  OF  ELECTIOXS. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers,  under  Article  14  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed 
for  membership  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers  and  seeking  election  before  theXXXYIth 
Meeting,  New  York,  1897. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  the  discharge  of  their  duty. 
They  would  certify,  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons  whose  names 
appear  on  the  appended  list,  in  their  several  grades. 

There  were  415  votes  cast  on  the  green  ballot,  of  which 
15  were  thrown  out  because  of  informalities.  The  tellers  have 
considered  a  ballot  as  informal  which  was  not  indorsed  with  an 
autographic  signature,  or  where  the  endorsement  was  made  by  a 
facsimile  or  other  stamp. 

JoHX  C.  Kafer,     I 

W.  F.  Durfee,        -  Tellers  of  Election. 

Gus.  C.  Henning,  \ 
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Brenner,  \Vm.  H. 
Dunn,  Clias. 
Hussey,  Oren  S. 
Johnston,  C".  R. 
Lopez,  D.  H. 
^loulton,  Wm.  H. 


Brooks,  Thos.  M. 
Challen,  Paul  J. 
Cooke,  Harte 


AS  MEMBERS. 
]\Iurpli.v,  Fredk.  E. 
Potter,  Wm.  B. 
Robinson,  II.  B. 
Shaw,  Geo. 
Snyder,  .1.  W. 
Starkweather,  Wni.  G. 

AS  ASSOCIATES. 
Marks,  L.  S. 
Schmick,  E.  F. 
Shepard,  L.  A. 
Wallace,  Jos.  H. 


Stiefel,  R.    C. 
Thorpe,  Robt.  H. 
Tower,  A.  B. 
Twining,  Wm.  S. 
Tyler.  Chas.  C. 
Wessiuger,  II.  J. 


Winther,  C.  A.  G. 
Wurts,  Ed.  V. 
Woolson,  Wm.  D. 


PROMOTION  TO  FULL  MEMBERSHIP. 


Albree,  Chester  B. 
Gorton,  J.  C. 

Ashworth,  A.  K. 
Amsler,  W.  0. 
Bateman,  E.  L. 
Boyer,  Edwin  S. 
Brinsmade,  L.  L. 


Hall,  Fredk.  A. 


Huff,  S.  W. 
Mount,  Wm.  D. 


AS  JUNIOR  MEMBERS. 
Cheney,  H.  W.  Lauder,  Geo.  B. 


Heisler,  F.  Wm. 
Hill,  .John  H. 
Hofmann,  Alwin 
Koch,  Chas.  Fredk. 
Leonhard,  T.  S. 


Matthew,  J.  G. 
Morse,  Chas.  H. 
Schuttler,  Carl 
Torrence,  Henry,  Jr. 


At  the  close  of  the  report  of  the  Council  the  second  order  of 
business  was  the  Eeport  of  the  Finance  Committee,  which  was 
as  follows : 

For  the  fiscal  year,  1896-97,  the  Finance  Committee  of  the 
American  Society  of  Mechanical  Engineers  would  respectfully 
report  to  the  Council  and  the  Society  the  following  statements 
of  the  receipts  and  expenditures  which  have  passed  under  their 
direction  on  behalf  of  the  Society  during  the  year  beginning 
November  15,  1896,  and  ending  November  15,  1897. 


ANNUAL   REPORT   OF     THE     FINANCE     COMMITTEE     OF     THE    AMERICAN 
SOCIETY   OF   MECHANICAL   ENGINEERS,  1896-97. 

Eeceipts. 

Initiation  Fee $2,180  00 

Current  Dues 22,031  90 

Past  Dues 758  68 

Advance  Dues 218  25 

Sales  of  Publications 1,066  81 

Binding 14  50 

Engraving 161  35 

Carried  forward ^26,431  49 
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Brought  forward !l;26,431  49 

Life  Membership  (cash) 300  00 

Interest  on  luvestmeift  1,110  00 

Office  Expenses 50 

j\Iail  and  Express  50 

Meetings 16  75 

Badges 450  00 

Total  Receipts $28,309  34 

Cash  on  hand  first  of  year 76  07 

$28,385  31 

Disbursements. 

General  Printing  and  Stationery $1,430  55 

Reprints  and  Publications 6,718  81 

Postage  and  Express 1,851  00 

Salaries 6,805  00 

Office  Expenses 355  81 

Engraving 1 ,771  63 

Contingencies 53  86 

Binding 1,530  90 

Meetings 1,209  70 

Work  of  Committees 469  00 

House  Supplies  and  Furniture 451  62 

Badges  and  Certificates : 545  95 

Travelling * 88  39 

Insurance  and  Safety  Deposit 58  42 

Rent,  Interest,  and  Taxes 3,003  32 

Investment,  Bonds  Purchased 1,800  00 

Library,  (Book  Purchase,  Binding,  etc.) 198  75 

Total  Disbursements $28,337  71 

Cash  on  hand  to  balance 47  60 

$28,385  31 

The  receipts  on  account  of  life  membership  during  this  year 
were,  as  shown  above,  $300,  which  amount  was  paid  by  two 
men,  one  paying  the  entire  amount  for  a  life  membership,  $200, 
and  the  other  $100  on  account,  the  transaction  being  unfinished 
to  date. 

Of  the  issue  of  bonds,  in  1890,  of  the  Mechanical  Engineers' 
Library  Association,  which  amounted  to  $32,000,  the  Council  of 
the  Society,  as  Trustees,  held  November  15th,  1896,  at  the  time 
of  the  last  report  of  the  Finance  Committee,  $21,600,  and  during 
the  year  1896-97  the  Council  has  acquired  $1,800  additional 
bonds  by  purchase,, thus  making  $23,400  so  held  by  the  Council, 
and  leaving  $8,600  of  them  still  outstanding  in  the  hands  of 
members. 
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At  the  time  of  this  report  there  remains  outstanding  uncol- 
lected accounts  due  the  Society  as  follows  : 
138  members  (less  than  8  per  cent,  of  tlie  entire  membersliip)  owe  for 

dues,  publications,  etc |3,539  85 

9  non-members  owe  for  publications  and  electros  (all  recent  accounts)  28  67 

Total  uncollected $3,568  52 

Of  the  138  members  owing  this  $3,539.85,  three  owe  small 
amounts  for  publications,  etc.,  only  recently  sent  them,  and  of 
the  remaining  135  members,  personal  letters  have  been  written 
to  75,  and  circular  letters  sent  to  the  rest,  and  letters  have 
been  received  from  65  saying  that  they  would  remit  shortly, 
or  by  a  fixed  date,  or  else  for  valid  reasons  asking  for  an 
extension  of  time  to  meet  their  indebtedness,  which  has  been 
granted.  This  leaves  only  70  persons  out  of  a  membership  of 
1,799  who  have  failed  either  to  pay  their  dues  or  write  in 
repect  to  meeting  the  accounts  against  them  this  year. 

An  indebtedness  against  the  Society  amounting  to  $3,200.60 
remains  at  this  date,  mainly  in  the  form  of  an  open  account  with 
the  printers  of  the  Society's  Transactions,  and  a  part  of  which  is 
chargeable  to  the  expenses  of  the  next  fiscal  year,  which  will  be 
at  once  met  from  the  collections  for  the  year  1897-98. 

The  Council  would  also  present  for  record  the  following  state- 
ment i^repared  and  submitted  on  behalf  of  the 

MECHANICAL    ENGINEERS'   LIBRARY  ASSOCIATION. 

copy  of  the  annual  report  of  the  trustees  of  the  mechanical 
engineers'  library  association,  1896-1897. 

The  summary  of  receipts  and  disbursements  of  the  Trustees 
from  November  16,  1896.  to  November  16,  1897,  is  appended. 

Rectipts. 

Balance  on  hand  first  of  year,  1896-97 $48  38 

Receipts,  Fellowship  Fund |176  00 

Sinking  Fund 480  50 

Office  Rent 3,770  00 

Room  Rent 1,742  06 

"          Interest  on  Investment 10  00 

Library  (Duplicate  Book  sold) • 4  00 

' '         Investment 200  00 

"          State  Appropriation 125  00 

Total  Receipts $0,508  16 

Total  Cash $6,556  54 


16  PROCEEDINGS   OF  THE 

Disbursements. 

Interest  on  Mortgage $1,402  50 

"        "Bonds 1,600  00 

Salaries 1,140  00 

Janitorial  Supplies 340  28 

Fuel 336  25 

,.  ,,.       iGas $124  19)  ...  „„ 

^        *'  i  Electric  Light 392  13  \ 

Equipment  (Furniture,  Carpets,  etc.) 423  41 

Laundry   285  00 

Insurance  and  Safe  Deposit 17  00 

Library,  Binding  and  Book  Purchase 164  95 

Repairs  (Painting,  Papering,  etc.) 325  46 

Contingencies 75 

Stationery  and  Printing 2  00 

Total  Disbursements $6,553  92 

Cash  on  hand  to  balance 2  62 


Total $6,556  54 

Assets. 

House  and  lot,  12  W.  31st  Street,  New  York  City $65,000  00 

Furniture  and  Equipment 5,000  00 

Books  and  MSS 10,700  00 

Bills  Receivable  (Office  and  Room  Rent,  uncollected).  . . .         132  50 
"              "          (Subscriptions  to  Fellowship  Fund,  un- 
collected)   10  00 

"            "          (Subscriptions   to  Sinking  Fund,  uncol- 
lected)   5  00 

Total  Assets $80,847  50- 

Liabilities. 

First  Mortgage  held  by  N.  Y.  A.  of  M $33,000  00 

Second  Mortgage  held  by  Members  of   A.  S.  M.  E 8,600  00 

Second  Mortgage  held  by  Council  of  A.  S.  M.  E.  as  an 

investment 23,400  00 

Total  Liabilities $65,000  00" 


Excess  of  Assets  over  Liabilities $15,847  50 

The  only  discussion  which  was  presented  in  the  line  of  these 
formal  reports,  was  the  question  by  a  member  as  to  whether 
the  income  was  sufficient  to  keep  the  Library  up  to  the  standard 
desirable,  and  the  explanation  by  the  Secretary  that  the  real 
growth  in  the  Library,  which  kept  it  in  its  flourishing  condition, 
was  the  continual  inflow  of  transactions  of  societies  and  the  best 
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technical  journals,  wliicli  were  received  iu  exchange  for  the 
Tnni-^acfioiis  of  the  Society,  and  that,  in  this  view,  the  present 
practice  of  the  Library  Trustees  had  been  a  conservative  one  in 
the  matter  of  additions  on  the  reference  side  of  the  Library. 

The  report  of  the  tellers  appointed  at  the  session  of  the 
previous  evening  Avas  called  for,  and  was  read  l>y  the  Secretary, 
as  follows  : 

Your  committee  appointed  to  count  ballots  cast  for  officers  of 
the  American  Society  of  Mechanical  Engineers  for  the  year 
1897-98  begs  to  submit  the  following  report : 

Total  ballots  counted 4AS 

"  "      thrown  ont  on  account  of  want  of  signatures 48 

"  "      signed  with  rubber  stamps  and  hence  thrown  out 4 

Total  votes  cast 495 

Of  this  number  there  were  cast : 

For  Mr.  Chas.  Wallace  Hunt,  for  President 440 

"      "  \V.  R.  Warner,  for  President 3 

"      "  John  C.  Kafer,  for  President 1 

'•      "  Wm.  H.  Wiley,  for  Treasurer 442 

' '  Chas.  Corbett,  for  Treasurer 1 

"      "  John  C.  Kafer,  for  Vice-President 445 

"      "  David  R.  Fraser,  for  Vice-President 439 

'•  Walter  S.  Russel,  for  Vice-President 442 

"      "  Jesse  M.  Smith,  for  Vice-President 1 

"      "  Wm.  II.  Wiley,  for  Vice-President 1 

"      "  James  B.  Stan  wood,  for  jManager 443 

"      "  II.  H.  Suplee,  for  JManager 447 

"  George  Richmond,  for  Manager 439 

Our  count  therefore  shows  that  the  entire  ticket  was  elected. 

Eesj5ectfully  submitted, 

George  L  Rockwood,  )  ^  ,,        ^  7-7    .. 
-n  ^T  m  "  -LeUers  of  Ji,  Lection. 

Edward  N.  Trump,       i 

At  the  completion  of  this  announcement  the  President  called 
on  Mr.  Charles  Wallace  Hunt,  President-elect,  for  a  few  words 
of  greeting,  to  which  request  Mr.  Hunt  made  fitting  and  brief 
reply. 

The  next  order  of    business  was   the  report  of  Mr.  Gus  C. 
Henning,  who  had  been  delegated  by  the  Council  to  represent 
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the  Society  and  its  Committee  on  Uniform  Methods  of  Testing, 
at  the  International  Conference  u])on  the  general  question  of 
"  Strength  of  Materials,"  which  had  been  convened  at  Stock- 
holm, Sweden.  The  Secretary  reported  that  the  Society  had  been 
made  an  official  member  of  this  conference  by  the  payment  of  a 
small  fee,  whereby  the  Society  w^as  represented  not  only  by  a 
delegate,  but  by  a  vote  on  questions  to  be  decided  in  this 
way.     The  report  of  the  delegate  was  as  follows  : 


REPORT  OF  THE  PROCEEDINGS  OF  THE  SIXTH  CONGRESS  OF   THE  INTER- 
NATIONAL ASSOCIATION  FOR  TESTING    MATERIALS,  HELD  AT 
STOCKHOLM,    SWEDEN,    AUGUST    23-2-5,    1897. 

At  the  request  of  the  Executive  Committee,  Prof.  L.  de  Tet- 
majer.  President,  called  the  Congress  to  order  in  the  Hall  of  the 
Knights,  and  in  welcoming  the  members,  three  hundred  and 
sixty-one  of  whom  had  arrived,  with  about  seventy-five  ladies, 
remarked  that  the  international  character  had  been  fully  sus- 
tained by  the  great  number  of  countries  represented,  and  called 
attention  to  the  fact  that  the  principal  duty  of  the  present  meet- 
ing would  be  the  discussion  of  plans  for  permanent  organization, 
through  which  alone  the  aims  and  purposes  of  the  Association 
could  be  achieved. 

Hereupon  the  President  introduced  the  burgomaster  of 
Stockholm,  Dr.  E.  vonder  Laucken,  who  tendered  a  hearty 
welcome  on  behalf  of  the  Swedish  people,  pointing  out  that 
although  Sweden  was  by  no  means  as  important  in  industrial 
enterprises  as  several  other  countries  represented,  it  nevertheless 
took  a  deep  interest  in  the  work  of  the  Congress. 

Acknowledging  the  hearty  w^elcome  tendered  by  the  city  of 
Stockholm  through  its  burgomaster,  the  President  at  once  pro- 
ceeded to  business  by  submitting  a  part  of  the  by-laws,  as 
drawn  up  by  the  Executive  Committee,  necessary  during  the 
meetings  of  the  Congress,  as  the  whole  matter  would  not  be 
fully  discussed  until  the  last  day. 

The  matter  first  to  be  settled  was  the  procedure  to  be  fol- 
lowed during  the  sessions  and  the  method  of  voting. 

After  a  protracted  discussion  of  the  subject,  it  was  decided 
unanimously  that  the  method  heretofore  used  at  previous  con- 
gresses be  adhered  to,  viz.:  that  each  member  present  should 
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have  but  one  vote.     The  definitive  method  would  take  effect  at 
the  uext  Congress,  to  be  held  at  Paris. 

Contrary  to  j^revious  custom,  the  business  of  this  Congress 
would  be  carried  on  in  general  as  well  as  sectional  meetings. 

Sec.      I.  Relating  to  metals. 

Sec.    II.  Natural  and  artificial  building  stone  and  their  bond 
materials. 

Sec.  III.  Other  industrial  materials. 

The  sectional  bureaus  were  determined  by  each  section  in 
presence  of  a  member  of  Council,  who  opens  the  proceedings. 

It  Avas  then  announced  by  the  President  that  Mr.  A.  Carnot, 
Inspector-General  of  Mines  of  France,  had  presented  a  volumi- 
nous, most  valuable  work  on  "  Chemical-Analytic  Methods  of 
Examinations  of  Iron,"  which  would  be  fully  reported  in  the 
official  organ  of  the  Association. 

Two  other  papers  were  received  after  the  programmes  had 
been  printed  : 

One  by  Prof.  A.  Retjo,  of  Budapest,  on  "  Internal  Friction  of 
Solids  as  an  Absolute  Property,  and  the  Formulae  Derived 
therefrom  Relating  to  Tension  and  Compression  Diagrams," 
and  one  by  Dr.  W.  Michaelis,  of  Berlin,  on  the  "Process  of 
Setting  of  Bond  Materials  Containing  Lime." 

It  was  also  announced  that  Prof.  A.  Wahlberg  would  present 
the  pajjer  on  "The  Development  of  Structural  Materials  and 
Methods  of  Testing  Them  in  Sweden,"  because  of  the  sudden 
death  of  the  Director  of  the  Jernkontoret,  Mr.  Dellwik. 

The  following  honorable  presidents  were  then  declared  elected 
after  proper  nominations :  Belgium,  A  Greiner,  General  Mana- 
ger, Seraing ;  Denmark,  H.  J.  Hannover,  Professor  Royal  Tech- 
nical High  School,  Copenhagen  ;  Austria,  W.  Ast,  Director  of 
Construction,  Northern  Railway,  Vienna ;  England,  Bennet  H. 
Brough,  General  Secretary  Iron  and  Steel  Institute,  London ; 
France,  E.  Polonceau,  Chief  Engineer,  Paris-Orleans  Railway, 
Paris ;  Germany,  Dir.  Peters,  German  Engineers'  Association, 
Berlin  ;  Holland,  H.  Baucke,  Engineer,  Amsterdam  ;  Hungary,  C. 
Banovits,  Director  Hungarian  State  Railways,  Budapest ;  Italy, 
St.  Fadda,  Engineer,  Turin;  Luxemburg,  A.  Dutreux,  Engineer, 
Luxemburg ;  Norway,  H.  Krag,  Director  of  Department  Roads, 
Christiania ;  Portugal,  J.  V.  Mendes-Guerreiro,  Engineer,  Lis- 
bon;  Russia,  Prof.  N.  Belelubski,  St.  Petersburg ;  Sweden, 
R.  Akerman,  Stockholm ;  Switzerland,  A.  Schraff,  Chief  Engi- 


20  PROCEEDIXr.S    OF   TIIK 

neer,  St.  Gottliard  Railway,  Lucerne  ;  Spain,.  A.  Mayandia,  Chief 
of  Battalion  of  Engineers,  Saragossa ;  United  States  of  North 
America,  Gus  C.  Henning,  Engineer,  New  York. 

It  was  further  announced  that  Prof.  J.  Wyckauder  and  Chief 
Engineer  Silversparre  had,  hy  order  of  the  Jernkontoret,  pre- 
pared a  paper  on  "  Tests  of  Resistance  of  Swedish  Materials," 
from  materials  in  its  archives,  which  had  been  printed  and  dedi- 
cated to  the  Congress. 

This  work  contains,  in  a  comprehensive  and  concise  form, 
most  valuable  information  on  all  the  many  investigations  made 
by  the  Jernkontoret  on  Swedish  iron  and  steels,  and  gives  a  most 
clear  and  complete  knowledge  of  those  materials  for  which  Swe- 
den is  so  justly  famed.  It  contains  a  comparison  of  records, 
heretofore  only  partially  published,  and  is  a  valuable  addition 
to  the  literature  of  steel. 

After  a  short  intermission  Mr.  F.  Osmond  took  the  floor  to 
read  his  paper  on  "  Microscopy  of  Metals  Considered  as  a  Method 
of  Test,"  which  was  fully  illustrated  by  colored  lantern  slides. 

The  author,  upon  concluding,  was  rewarded  with  tumultuous 
applause  for  not  only  the  admirable  subject  matter,  but  also  the 
perfectly  successful  arrangements  made,  by  which  alone  such  a 
paper  could  be  proj^erly  presented  to  an  audience. 

After  receiving  the  thanks  of  the  President  the  discussion  was 
opened  by  myself,  thanking  the  author  for  his  clear  and  concise 
presentation  of  the  subject  indicating  new  methods  of  test.  I 
pointed  out  particularly  that  the  methods  will  permit  to  learn  to 
know  the  internal  constitution  of  metals  and  their  alloys,  and 
which  will  have,  more  than  any  others,  a  fruitful  influence  on 
industry  and  technical  sciences. 

This  paper  by  Mr.  Osmond  is  of  such  importance  that  it  will 
be  well  to  point  out  its  main  points. 

Chemical  analysis,  although  determining  the  quantity  of  com- 
ponent elements  in  a  body,  does  not  define  the  manner,  system, 
or  arrangement  of  molecules.  Metallography  investigates  the 
latter,  and  is  divided  into  three  divisions  : 

1.  Determination  of  component  parts  ;  or,  anatomical  metallog- 
raphy. 

2.  Determination  of  composition,  form,  and  dimensions  of 
component  parts  ;  or,  biological  metallograph}-. 

3.  Study  of  defective  treatment  of  the  materials  and  effect  of 
admixtures  having  special  influence  on  quality  and  properties ; 
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or,  pathological  inetallograi^hy.  Color  and  light  are  pointed 
out  as  important  characteristics  in  composition,  as  Avell  as 
changes  due  to  treatraeftt  in  a  certain  manner. 

Under  each  of  these  heads  the  author  gives  notable  instances, 
showing  micrographs  of  cement  steel,  silver  ;  forged  steel,  etched 
with  NO.H  and  HjSO, ;  alloys  of  gold  and  aluminum,  and 
copper  and  silver ;  forged  steel,  annealed,  and  heated  and 
quenched  at  given  temperature  ;  11  per  cent.  Sn  bronzes  cast 
in  ingots;  the  same  heated  to  oxidation,  cooled  in  ingots,  as 
well  as  in  sand ;  the  latter  reheated  to  oxidation  ;  the  same 
quenched  at  red  heat ;  alloys  of  Au  and  Bi  treated  variously, 
similar  to  above,  and  many  others. 

The  remarkable  and  clearly  defined  results  are  beautifully 
shown,  and  although  the  author  does  not  directly  state  that 
"  microscopy  is  a  method  of  test  which  is  reliable,"  he  leaves 
upon  his  hearers  or  readers  but  one  well-defined  impression, 
viz.  :  that  such  is  the  conclusion  to  be  drawn  from  his  researches. 

Before  proceeding  to  the  next  business,  it  was  announced  that 
the  entire  Council  of  the  Iron  and  Steel  Institute  and.  other 
English  metallurgists,  thirty  in  all,  had  just  been  declared 
elected  to  membership  in  the  Association.  The  next  subject 
taken  up  for  discussion  was  the  proposition  :  "  Ways  and  means 
are  to  be  sought  to  introduce  uniform  specification  and  methods 
of  inspection  of  iron  and  steels  of  all  kinds." 

This  was  discussed  by  Mr.  E.  Schroedter,  of  Diisseldorf,  and 
also  in  two  important  papers  :  one  by  Director  Ast,  of  Vienna, 
the  other  by  Engineer  Barba,  of  Paris.  The  outcome  of  the  dis- 
cussion was  the  opinion  that  the  result  of  the  proposition  was 
practicable  and  obtainable. 

Dr.  H.  Wedding,  of  Berlin,  next  addressed  the  Congress  on 
"  The  Possibility  of  Establishing  an  International  Sidero-chem- 
ical  Laboratory."  The  speaker  dwelt  upon  the  main  objects  of 
such  a  laboratory,  viz.  :  the  thorough  comparison  and  determina- 
tion of  degree  of  accuracy  of  current  metliods  of  analyses  of 
iron,  and  enunciation  of  those  which  are  to  be  used  in  case 
of  dispute.  Ho  points  out  the  j^urely  scientific  character  of  the 
proposed  laboratory,  and  the  exclusion  of  all  technical-com- 
mercial control  analyses  for  third  parties.  As  $3,(566  h;id 
already  been  subscribed,  a  beginning  could  be  made  with  such 
laboratory,  although  it  could  not  be  equijDped  completely  or  its 
continued  existence  assured. 
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Section  I.  (metals)  was  organized  as  follows  : 

Jloiiorarij    Prrsliletit.s :    Professor    Kick,  Vienna,    and    Chief 
Building  Councillor  Wichert,  Berlin 
-  Chairman  :  Councillor  v.  Borries.  Hanover. 

Vice-Chainiun:  Engineer  Eoussel,  of  Malines,  Belgium,  and 
Engineer  Henniug,  of  New  York. 

Secretaries :  Guerard,  of  Paris,  and  Schwerdt,  of  Munich. 

This  section  discussed  in  a  thorougli  manner  the  propositions 
of  an  international  sidero-chemical  laboratory,  of  standard  speci- 
fications for  quality  and  inspection  of  iron  and  steels,  methods 
of  determining  extension  of  ductile  materials,  standard  methods 
of  testing  rust- preventing  coatings. 

Engineer  Schwerdt,  of  Munich,  described  a  new  method  of 
determining  hardness  of  metals  ;  Professor  Retjo,  Budapest, 
exhibited  a  microphotographic  apparatus ;  Gus  C.  Henning, 
Xew  York,  showed  and  described  his  pocket  recorder  for  stress- 
strain  diagrams  ;  Engineer  Wallin,  Gothenburg,  exhibited  a 
cylindrical  slide-rule. 

Section  11.  (stone  and  bond  materials;  was  organized  as 
follows : 

Honorary  Presidents :  General  Choulatschenko,  St.  Petersburg, 
and  Engineer  Segre,  of  the  Adriatic  lines,  Ancona. 

Chairman:  Engineer  Guerard,  Chief  Engineer  Port  of  Mar- 
seilles. 

Vice- Chairmen :  H.  Fleiner,  Aarau,  and  Prof.  A.  "Wahlberg, 
of  Stockholm. 

Secretaries :  Caudlot,  of  Paris,  and  Professor  Steuberg,  of  Chris- 
tiania. 

The  subjects  discussed  were  the  following :  "  Study  of  the 
Relation  of  Chemical  Composition  and  Weathering  Qualities  of 
Natural  Building  Stone  "  ;  report  of  pipe  tests,  by  Max  Gary,  of 
Berlin  ;  "  On  the  Hardening  Process  of  Calcareous  Bond  Mate- 
rials," by  Dr.  Michaelis,  Berlin  ;  "  On  the  Determination  of  Qual- 
ity of  Hydraulic  Bond  Materials,"  by  Director  Meyer,  of  Mahl- 
statt ;  "  On  Irregularities  in  the  Time  of  Setting  of  a  Cement," 
by  Dr.  Eurich,  Carlstadt ;  "  Contribution  to  the  Solution  of  the 
Problem  of  the  Standard  Consistency  of  the  Standard  Mortar  "  ; 
"Determination  of  those  Conditions  by  which  Approximately 
Similar  r)ensities  may  be  Obtained  in  Tension  and  Compression 
Samples,"'  by  Professor  Tetmajer,  of  Zurich,  and  Engineer  Greil, 
of  Vienna. 
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After  further  discussion  of  the  proposed  by-laws,  Captain  O. 
M.  Carter,  Engineer  Corps,  U.  S.  A.,  was  elected  member  of 
Council,  as  well  as  Mr.  Bennet  H.  Broiigli,  General  Secretary 
of  the  Iron  and  Steel  Institute  of  Great  Britain. 

This  report  required  no  action,  but  was  ordered  to  be  incor- 
porated into  the  records,  and  the  President  thereupon  called 
again  upon  Mr,  Henning  for  the  report  upon  the  special  order 
for  this  morning.  The  first  was  upon  the  work  of  the  Commit- 
tee on  Standard  Tests,  which  was  presented  by  Mr.  Henning  as 
a  report  of  progress,  as  follows  : 

Mr.  Giis  C.  Henning. — There  has  been  now  obtained  some 
definite  information  to  supplement  Mr.  Keep's  admirable  paper, 
presented  at  the  Detroit  meeting,  upon  the  "Cooling  Curves  of 
Metals,"  and  published  in  the  Society's  Transactions,  vol.  xvi., 
page  1117.  It  was  there  stated  that  the  cast  iron  expanded 
during  cooling,  in  a  jDroportion  which  was  practically  that  of 
the  content  of  carbon  in  the  material.  In  connection  with  these 
a  curve  was  also  given,  showing  a  piece  of  rail  steel  which 
showed  an  irregularity  in  its  curve,  which  could  not  be  strictly 
defined  as  a  cooling  curve,  or  as  an  expansion  of  the  steel 
during  the  process  of  cooling.  Since  that  time  Mr.  Victor  E. 
Edwards,  Mechanical  Engineer  of  the  Morgan  Construction 
Company,  has  kindly  volunteered  to  make  some  observations  in 
the  steel  works  for  me,  and  I  now  have  from  him  a  letter  which 
proves  conclusively  that  every  piece  of  steel  as  it  comes  from 
the  rolls  expands  during  the  cooling  process  just  as  cast  iron 
does.  This  was  measured  on  rods  three-eighths  of  an  inch  in 
diameter.  These  rods  were  250  to  255  feet  long.  Eleven  dif- 
ferent investigations  were  made,  and  as  the  rods  could  not  be 
clamj^ed  at  one  end,  because  they  would  buckle  if  they  were 
forced  to  exj^and  in  one  direction,  they  were  allowed  to  expand 
in  both  directions,  and  the  extension  measured  at  each  end  and 
added  together.  The  total  of  these  expansions  of  rods  varied 
from  8|  to  4]  inches.  The  average  of  these  eleven  examinations 
showed  that  the  extension  of  these  250-feet  rods  was  3}  /;  inches, 
and  there  was  no  case  in  which  there  was  not  a  marked  expan- 
sion during  cooling.  So  we  have  confirmation  of  the  work  done 
by  this  autographic  recording  apparatus  of  Mr.  Keep's  to  show 
that  the  metal  does  expand  during  cooling.  This  verifies  the 
curve  on   cooling  of  steel,  and  as  soon  as  the  laboratories  at 
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Columbia  University  are  in  running  order  again,  the  furnace, 
■which  has  been  paid  for  by  some  generous  members  of  the 
Society,  will  be  called  into  play  and  careful  investigations  made 
of  steels  of  different  carbon  under  the  effect  of  heat,  both  rising 
and  falling,  to  determine  the  exact  amount  of  expansion  and 
contraction  of  parts  during  heating  and  cooling,  to  complete  the 
work  of  the  Committee. 

Passing  now  to  the  special  order  which  was  referred  to  this 
meeting  by  the  Society  at  its  Hartford  convention  (vol.  xviii.,  p. 
652),  the  meeting  then  took  up  the  question  of  the  desirability  of 
establishing  uniform  specifications  and  methods  of  inspection  of 
metals.     Mr.  Henniug  recapitulated  the  subject  as  follows  : 

"At  the  Zurich  Conference  on  Unification  of  Testing  Mate- 
rials in  1895,  a  paper  on  '  The  Desirability  of  Establishing  Uni- 
form Specifications  and  Methods  of  Inspection  of  Metals '  was 
presented  by  Mr.  E,  Schroedter  (Secretary  of  the  Verein  der 
Ingenieuren  and  Eisenhuettenleute),  and  the  concluding  recom- 
mendations were,  upon  motion,  referred  to  the  Council  for  con- 
sideration and  action, 

"In  accordance  therewith  the  Council,  at  a  meeting  held  in 
Yienua  last  year,  decided  to  take  up  the  matter,  and  appointed 
a  Committee  to  take  action  on  the  subject. 

"  In  February,  1897,  I  received  a  letter  *  from  the  well-known 
and  famous  engineer  of  Le  Creusot,  Mr.  J.  Barba,  advising  me 
that  he,  as  Vice-President  of  such  Committee,  asked  me  to  name 
members  of  a  Sub-Committee  to  be  formed  in  the  United  States 
to  take  up  the  subject  conjointly  with  the  European  Committees, 
and  requested  that  I  act  on  said  Committee.  When  I  referred 
the  matter  to  our  ex-President,  Capt.  K  W.  Hunt,  he  sent  the 
following  answer,*  in  view  of  which  I  herewith  present  the 
matter  for  discussion  at  this  time. 

"  The  object  is  to  suggest  standard  specifications  for  quality 
and  for  inspection  of  all  metals  used  in  engineering,  and  in  such 
a  manner  that  any  new  developments  in  metallurgy  or  fabrica- 
tion will  not  be  hindered,  and  on  the  other  hand  to  define  mate- 
rials in  such  a  precise  manner  that  proper  materials  may  be 
obtained  for  each  distinct  purpose ;  such  as  boilers,  engines, 
bridges,  wire  (telegraph,  trolley,  telephone,  piano,  cables,  ropes, 
suspension  bridges,  various),  railways,  axles,  tires,  guns,  bi- 
cycles, etc.,  etc." 

■"  See  letter  appended  hereto. 
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The  correspondence  referred  to  above  is  appended : 

(Translation  of  Mr.  J.  Harba's  letter.) 

Paris,  Fehruary  5,  1897. 
■  My  De.\r  Sir  :  You  know  that  we  are  about  to  organize  an  International 
Commission,  under  the  presidency  of  Mr.  Ast,  Managing  Director  of  tlie  Northern 
Railroad.  Ferdinand.  Vienna,  Austria,  to  study  the  steps  to  he  taken  to  establish 
international  uniform  rules  for  determining  the  quality  and  inspection  of  all 
kinds  of  iron  and  .steel. 

I  have  been  honored  by  the  nomination  of  Vice-President,  and  I  have  been 
asked  with  Mr.  Ast  to  propose  to  the  directing  committee  three  or  four  persons 
from  each  of  the  principal  nations,  these  persons  to  constitute  said  commission. 
I  have  already  named  the  persons  for  France.  I  thought  that  yon  would  kindly 
choose  several  able,  willing  persons  in  the  United  States  who  would  assist  us  at 
the  same  time  with  yourself. 

If  you  will  kindly  accept  my  proposition,  I  would  be  imder  obligations  to  you 
to  name  the  three  or  four  per.sons  on  whom  we  could  count. 

Receive,  my  dear  sir,  the  assurance  of  my  best  sentiments. 

.     (Signed)  J.  Barba,  39  Rue  Mozart. 

Chicago,  April  17,  1897. 
Gus  C.  Henning,  Esq.,  No.  5  Beekman  Street,  Neic  York. 

My  Dear  Sir  :  I  beg  to  acknowledge  yours  of  the  8th  inst.,  and  thank  you 
for  the  compliment  therein  expressed. 

I  fully  appreciate  the  importance  of  the  work  outlined,  and  its  weight  makes 
it  imperative  that  the  subject  should  not  be  treated  o^her  than  in  a  serious 
manner. 

Personally,  my  many  engagements  in  all  sorts  of  directions  render  it  unfit  that 
I  should  try  to  serve  on  the  proposed  committee.  While  we  have  many  Ameri- 
can engineers  who  could  render  good  service  in  the  cause,  it  is  hard  to  find  those 
who  are  willing  or  can  devote  the  necessary  time  to  it.  Hence  it  would  seem  as 
though  it  would  be  better  if  they  could  be  selected  from  men  who,  while  possess- 
ing knowledge  gained  from  practical  experience,  are  not  disturbed  by  or  depen- 
dent upon  current  business  engagements.  Of  course  we  realize  that  there  will 
come  objections  to  "  Professors,"  but  at  the  same  time  I  am  not  certain  that  they 
are  not  the  class  of  people  who  can  best  serve  in  a  cause  of  this  kind,  particu- 
larly if  they  have  been  in  touch  with  manufacturin'g  progress  and  interests. 

Assuring  you  that  it  will  give  me  pleasure  to  assist  you  in  this  matter,  and,  if 
it  should  not  be  too  late,  that  we  will  have  an  opportunity  of  discussing  it  at  the 
coming  Hartford  meeting  of  the  A.  S.  M.  E., 

I  remain,  yours  truly, 

RoBSRT  W.  Hunt. 

After  reading  the  rejDort  and  the  letters  appended  to  it,  Mr. 
Henning  spoke  further  as  follows  : 

"  At  the  Stockholm  Congress  both  Mr.  Ast  and  Mr.  Barba  pre- 
sented papers  on  the  subject,  and  it  was  pointed  out  that  the 
German   engineers   and   metallurgists   had    already  agreed  on 
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stamlard  specifications  and  methods  of  testing  material  for  bridge, 
structural,  hoiler,  and  machinery  purposes.  In  fact,  there  are 
very  few  classes  of  steel  now,  except  the  high-carbon  steels, 
which  are  not  classified  under  the  standard  specifications, 
and  it  has  simplified  the  work  in  the  steel  works  to  a  very 
material  degree,  avoids  complications,  and  makes  the  inspection 
and  acceptance  of  material  very  much  more  simple,  at  the  same 
time  making  the  material  more  reliable.  I  must  point  out, 
however,  that  in  Germany  especially  there  is  hardly  more  than 
a  single  process  for  making  steel  in  use,  while  in  our  country 
there  are  a  great  many,  although  at  the  present  time  the  basic 
process  is  being  introduced  so  rapidly  that  it  is  a  question 
whether  in  a  few  years  we  will  not  have  practically  the  same 
conditions  ;  that  is,  that  our  steel,  although  obtained  from  dif- 
ferent materials,  will  all  be  produced  bj'  the  same  process.  In 
this  case  it  would  be  very  simple  to  provide  standard  specifica- 
tions, because  sbeel  is  fundamentally  the  same,  and  becomes  dif- 
ferent through  the  operations  of  the  metallurgist.  The  opinion 
expressed  at  the  Stockholm  Congress  was  this :  That  there 
would  be  no  material  difficulty  in  establishing  standard  specifi- 
cations, not  only  for  the  quality  of  the  steel,  but  also  for  the 
method  of  inspecting  it  at  the  mills.  Of  course  it  is  always 
assumed  that  the  material  will  be  inspected  at  the  mills  and  not 
at  any  time  after  it  has  left,  when  it  could  not  be  identified,  and 
for  other  reasons. 

"Of  course  I  must  say  that  the  members  attending  the  Con- 
gress were  not  all  of  them  familiar  with  the  actual  metallurgi- 
cal conditions  in  the  United  States.  But  another  thing  has 
come  to  interfere  in  the  solution  of  the  question,  and  that  is 
this  :  That  the  International  Association  has  found  it  necessary 
to  change  its  methods  of  procedure  in  organizing  the  national 
sections  of  the  Association,  and  the  American  section,  which  is 
to  be  formed,  has  been  requested  to  organize  so  as  to  'keep  in 
touch,  because  of  the  difficulty  of  communicating  by  letter,  and 
then  afterwards  disseminating  these  communications  to  each 
individual.  Until  such  time  as  this  Association  or  its  branch 
or  section  shall  have  been  organized,  no  committee  can  be 
named  to  take  the  action  that  Mr.  Barba  proposes  in  his  letter, 
and  of  course  I  myself  could  not  act  as  the  organ  of  the  Ameri- 
can section.  At  the  same  time,  as  this  work  will  be  taken  in 
hand  in  a  very  short  while  (the  organization  will  certainh'  be 
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effected  during  the  winter),  practical  results  will  be  reached, 
and  I  think,  in  view  of  the  fact  that  so  much  work  has  been  done 
abroad  in  this  direction,  it  would  be  well  for  the  Mechanical  Engi- 
neers' Society  to  express  an  opinion  on  the  advisability  of  assist- 
ing a  committee,  which  is  to  be  named  by  the  American  section 
of  the  International  Association  on  Testing  Materials,  in  order  to 
advance  by  word  and  act  the  interests  of  unification  of  standard 
si:)ecificatious  as  much  as  lies  in  its  power.  I  am  quite  convinced 
that  simplification  of  specifications  will  help  considerably  to 
cheapen  materials,  because  it  will,  in  the  first  place,  lessen  the 
kinds  of  material  that  will  be  called  for,  and  although  working 
under  different  processes,  the  results  will  uudoubtedl}'  be  very 
satisfactory  in  establishing  certain  grades  of  material,  so  that 
when  one  grade  or  another  is  called  for,  it  is  known  that  the 
product  sent  will  be  the  correct  thing.  If  other  grades  are  made 
intermediate  between  these,  that  remains  with  the  engineer  to 
accept  or  to  reject,  or  for  the  steel  works  not  to  put  them  on  the 
market,  because  there  is  something  wrong  if  they  do  not  get  the 
kind  of  steel  that  they  tried  to  get.  In  view  of  all  this,  I  think 
it  would  be  advisable  for  the  Mechanical  Engineers  to  take 
action  in  this  matter,  and  certainly  to  express  an  opinion  on  the 
subject.'" 

The  President.— J.  see  several  members  present  who  must  have 
strong  opinions  on  such  a  subject  as  this.  I  hope  Mr.  Charles  H. 
Morgan  will  give  us  the  result  of  his  observation  and  experience. 

Mr.  Charles  II.  Blorgan. — I  do  not  think,  sir,  that  I  have  given 
sufficient  thought  to  this  matter  to  express  an  opinion  just 
now,  and  I  hope  I  may  be  excused. 

The  President. — The  list  still  remains  large.  I  see  Professor 
Thurston. 

Prof.  It.  II.  Thurston. — I  do  not  know  that  there  is  much  that 
I  wish  to  say  or  much  that  I  ought  to  say.  The  field  is  one 
that  I  have  been  out  of  now  for  so  long  a  time  that  I  feel  almost 
entirely  unfamiliar  with  it.  But  the  work  is  exceedingly  im- 
portant. It  is  also  exceedingly  important  that  this  Society 
should  be  represented  by  those  of  its  members  who  have  made 
a  special  study  of  this  branch  of  engineering.  We  have  quite  a 
number  who  have  given  many  years  of  their  life  to  study  and 
experiment  in  this  field,  and  I  am  very  sure  that  a  committee 
could  be  made  up,  appointed  by  the  President,  if  you  choose, 
which    would    represent   the    Society   well,    and   which   would 
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secure  for  it  all  of  the  results  of  the  work  of  what  is  becoming 
au  important  international  association.  There  are  very  few 
subjects  within  our  purview  that  are  more  important  than  the 
determination  of  means,  the  finding  of  ways,  of  securing  the 
best  of  material  and  the  best  of  tests  of  our  material,  and  it 
can  only  be  done  through  prolonged  scientific  research — re- 
search carried  on  by  men  Avho  are  experts — not  simply  in 
knowledge  of  working  material,  but  in  the  methods  of  testing 
material ;  men  who  handle  their  work  in  the  laboratory  with 
the  same  ease  and  familiarity  that  others  exhibit  when  they 
deal  with  their  work  in  manufacturing.  Our  representatives 
should  be  men  who  have  had  experience  in  the  mills  in  which 
the  materials  of  engineering  are  produced,  and  who,  at  the  same 
time,  have  made  themselves  familiar  with  the  most  scientific 
methods  of  making  chemical,  j^hysical,  and  mechanical  tests  of 
all  classes  of  materials.  We  can  certainly  have  a  good  repre- 
sentation there,  but  I  think  that  time  should  be  taken  by  the 
presiding  officer,  or  whoever  may  appoint  this  committee,  to 
see  that  he  secures  the  best  men  in  the  Society,  and  to  convince 
them  that  it  is  for  them  a  duty  to  represent  the  Society  on  such 
a  committee. 

The  President. — Is  it  your  pleasure,  gentlemen,  that  a  com- 
mittee should  be  appointed,  in  accordance  with  the  suggestions 
made  by  Messrs.  Henning  and  Thurston,  to  confer  with  the 
International  Committee,  with  a  view  to  securing  to  our  Society 
all  the  benefits  of  their  w^ork? 

Such  a  motion  was  duly  put  and  carried,  that  the  chairman 
should  appoint  a  committee. 

The  chair  announced  that  this  was  the  time  allotted  for  the 
presentation  of  the  draft  of  a  report  of  the  committee  ap- 
pointed at  the  Detroit  meeting,  June  26,  1895  (vol.  xvi.,  page 
645),  to  consider  the  wisdom  of  revising  the  code  proposed  in 
1885  for  the  conduct  of  boiler  trials.  The  discussion  of  this 
report,  which  was  submitted  by  Mr.  William  Kent  on  behalf  of 
the  committee^  was  made  a  feature  of  two  of  the  sessions.  At 
this  morning's  session  Messrs.  Webb,  Hale,  Carpenter,  Eock- 
wood,  Dean,  Kandolph,  Gale,  Hartness,  and  Thurston  took  part. 
In  deference  to  the  views  of  others,  who  were  unable  to  be 
present  at  this  morning's  session,  the  discussion  was  to  be  con- 
tinued on  the  evening  of  Thursday. 
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A  request  was  presented  from  Messrs.  E.  M.  Herr,  "W.  H. 
Marshall,  and  C.  H.  Quereau,  as  follows : 

NouTiiEHX  Pacific  Railway  Company. 

St.  Paul,  Minn.,  N'ov.  16,  1897. 
Subject :  Lack  of  Uniformity  in  Sizes  of  Pipe  Unions,  etc. 

Secretary  American  Socikty  Mechanical  Engineers, 

12  "West  Tiiir.TY-FiKsr  Street,  I^ew  York. 

Dear  Sir  :  The  attention  of  the  American  Society  of  Mechanical  Engineers  is 
directed  to  the  lack  of  uniformity  in  the  sizes  of  pipe  fittings  manufactured  by 
different  makers  in  various  parts  of  this  country. 

This  has  been  brought  forcibly  to  the  attention  of  the  undersigned,  and  others 
interested  in  tlie  mechanical  department  of  railway  work,  by  the  trouble,  delay, 
and  consequent  expense  caused  by  pipe  unions,  purchased  from  different  dealers 
for  the  same  purpose,  not  l)eing  interchangeable.  The  same  also  is  true  of  pipe 
threads  themselves,  although  the  lack  of  uniformity  is  not  so  great. 

This  subject  has  been  deemed  of  sufficient  importance  by  the  American  Rail- 
way Master  Mechanics'  Association  and  Master  Car  Builders'  Association  for  the 
appointment  of  a  joint  committee  on  this  and  the  related  subject  of  standards  for 
square  bolt  heads  and  nuts. 

Inasmuch  as  the  desired  uniformity  can  only  be  secured  by  concerted  action  of 
the  large  purchasers  and  consumers  of  bolts  and  nuts,  pipe  and  fittings,  and 
those  engaged  in  their  manufacture,  it  would  seem  desirable  that  the  American 
Society  of  ]\rechaniciil  Engineers  should,  at  the  next  meeting,  appoint  a  committee 
to  consider  these  subjects,  confer  with  the  committees  of  the  railway  associa- 
tions, and  endeavor  to  secure  the  appointment  of  a  committee  representing  tjie 
manufacturers,  with  the  object  of  securing  the  desired  uniformity. 

As  an  example  of  the  present  condition  of  affairs,  the  diameter  and  numljer  of 
threads  on  union  nuts  of  one-inch  pipe  fittings,  made  by  seven  different  manufac- 
turers, are  given  below : 

No.  Threads.  Diameter  of  Threads. 
5j  2.000  inches. 

13  1-875      " 

lU  2.000      " 

12  1-875  •   " 

11}  1-8906    " 

\\\  2.1718     " 

Tours  very  truly, 

E.  M.    IlERR, 

Waldo  II.  Marshall, 
Chas.  H.  Quereau, 


Members 
A.  S.  M.  E. 


The  Secretary  added  that,  on  receipt  of  the  communication,  he 
had  written  to  Mr.  Geo.  M.  Bond,  who  had  been  the  reporter 
for  the  previous  Committee  on  Standard  Threads  for  Pipes,  and 
that  Mr.  Bond  had  stated  that  the  question  of  the  threads  of 
these  pipe  union  fittings  had  not  been  considered,  so  that  it  came 
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up  as  a  new  question,  which  miglit  properly  be  considered  by 
that  same  committee,  if  thought  desirable. 
Mr.  Dean  presented  the  following  resolution  : 

Resohed,  That  the  American  Society  of  Mechanical  Engineers,  having  received 
and  considered  the  suggestion  of  Messrs.  E.  M.  Ilerr,  W.  II.  Marsliall  and  (".  II. 
Qiioreaii  on  tlie  subject  of  securing  uniformity  in  the  threads  of  coujding  unions 
for  ])ipp,  apjirove  of  the  suggestion  that  the  Society  should  appoint  a  committee 
to  consider  tliis  question  in  joint  conference  with  similar  committees  of  tlie  Amer- 
ican Railway  blaster  ^lechanics'  and  the  Master  Car  Builders'  Associations,  and 
refer  the  appointment  of  such  committee  to  the  Council,  with  power. 

This  was  amended  by  Mr.  Henning  by  the  suggestion  that  the 
matter  should  be  referred  by  the  President  and  Council  to  the 
same  committee  who  had  considered  the  subject  of  standard 
pipe  threads,  if  they  were  willing  to  act.  This  amendment  was 
accepted  by  Mr.  Dean,  and  in  the  discussion  the  following  re- 
marks were  presented  : 

il/y".  John  J.  Hoppes. — I  understood  the  gentleman  to  read 
standardizing  of  the  threads  of  the  unions.  Do  I  understand 
that  the  gentleman  referred  to  the  standardizing  of  the  unions 
themselves  ? 

J/r.  Letch  H.  Naslt. — In  relation  to  the  water-meter  busi- 
ness, in  which  we  are  engaged,  we  have  found  quite  considerable 
difficulty  in  making  our  connections  so  that  they  would  fit  all 
sorts  of  plumbers'  supplies,  and  in  order  to  accomplish  that  we 
got  from  the  standard  makers  a  large  number  of  samples,  and 
took  the  average  size  of  those  samples,  but  even  then  there  was 
such  a  wide  variation  in  the  sizes  of  threads  that  we  often  have 
reports  that  our  fittings  are  not  the  proper  size.  So  I  feel  very 
much  interested  in  regard  to  a  standard.  But  it  occurred  to  me 
that  possibly  it  would  be  well  for  us  to  have  some  communica- 
tion with  the  plumbers'  supply  peoj)le,  as,  if  unions  are  to  be 
used  universally,  steam  fitters  and  the  plumbers  are  the  largest 
users  of  all  such  material,  and  I  know  there  has  been  a  number 
of  attempts  by  manufacturers  to  come  to  some  conclusion  as  to 
what  sizes  they  would  use  for  pipe  fittings.  It  seems  to  me  that 
the  more  extensively  we  consult  large  users,  the  more  likely  we 
will  be  to  adopt  a  standard  that  will  give  universal  satisfaction. 

Mr.  Stanley  G.  Flagg. — We  are  manufacturers  of  the  article 
which  1  imagine  is  in  question — that  is,  malleable  iron  pipe 
unions.  The  matters  referred  to  were  taken  up,  I  think,  about 
five  years  ago  by  the  mechanical  engineers  of  the  Pennsylvania 
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Kailroatl  Company.  Tlio}'  went  veiy  exhaustively  into  standard 
dimensions  of  this  coupling  nut,  which  slips  over  the  swivel ; 
they  also  went  fully  into  dimensions  for  all  such  fittings  used  in 
similar  work,  and  submitted  their  schedule  to  us  for  inspection. 
We  took  up  the  matter  very  carefully,  consulting  with  them,  and 
after  possibly  a  year  or  so  the  matter  was  dropped. 

The  dimensions  given  in  tliat  letter  whicli  was  quoted  will 
show  the  experience  of  almost  every  one.  I  imagine  their 
figures  to  refer  to  the  threads  in  the  coupling  nut,  and  I  know 
the  lengths  of  these  pieces  vary  with  different  makers.  The 
AVestinghouse  Air  Brake  Company  have  a  standard  of  their  own 
for  this  2:)iecc,  and  the  subject,  if  taken  up,  would  be  quite  a  large 
one. 

Regarding  such  changes  as  would  be  necessary  to  standardize 
them,  you  must  bear  in  mind  that  it  would  occasion  many 
changes  in  special  tools  with  which  every  maker  is  provided, 
and  its  accomplishment  would  be  a  consummation  to  be  wished 
for  by  all  those  handling  suc'h  goods,  and  it  is  a  matter,  I  am 
sure,  which  Avould  have  to  be  gone  into  quite  carefully,  and  not 
more  than  five,  or  possibly  seven,  makers  of  these  goods  would 
have  to  be  dealt  with.  From  a  theoretical  standpoint,  no  doubt 
they  would  all  agree  with  this  association.  Whether  it  would 
be  possible  to  put  this  into  practical  operation,  of  course,  is 
something  none  of  us  know  until  we  would  try. 

In  its  amended  form,  after  this  discussion,  the  motion  was 
carried. 

Professional  papers  were  then  taken  up. 

The  papers  by  Messrs.  W.  W.  Christie  and  by  F.  W.  Dean 
were  entitled,  respectively,  "  Classification  of  Data  and  Plotted 
Hesults.''  "Reduction  of  Cost  of  Steam  Power  from  1870  to 
1897."  The  debate  upon  them  was  conducted  by  Messrs.  Stir- 
ling, Rockwood,  Thurston,  Mason,  Kent,  Hale,  Carpenter,  and 
Randolph. 

Third  Session.     Thuksday  Morning,  December  2d. 

The  session  was  called  to  order  at  ten  o'clock,  and  the  follow- 
ing papers  were  presented  :  By  Prof.  R.  C.  Carpenter,  entitled 
"  Tests  of  Centrifugal  Pump  and  Calibration  of  \V3ir  at  the 
Bridgeport  Pumping  Station,  Chicago"  ;  by  Mr.  Howard  Still- 
man,   entitled   "A   Water-purifying   Plant";    by   Prof.    R.    H. 


32  PROCEEDINGS   OF   TITE 

Thurston,  entitled  "  Multiple-cylinder  Engine  :  Effects  of  Varia- 
tion of  Proportions  and  Variable  Loads  "  ;  by  Mr.  W.  S.  Al- 
drich,  entitled  ''Notes  on  Hating  Electric  Power  Plants  on  the 
Heat-unit  Standard,"  and  by  Mr.  William  S.  Keep,  entitled 
"  Cast  Iron  I'nder  Impact." 

The  debate  .at  this  session  was  participated  in  by  Messrs. 
Thurston,  Kent,  McElroy,  Suplee,  Cary,  Randolph,  Trump, 
Greene,  Eockwood,  Durfee,  Henning,  Newcomb,  Hawkins,  Ball, 
Gale,  Barr,  West,  and  Kneass. 

Fourth  Session.     Thursday  Evening,  December  2d.- 

The  papers  allotted  for  this  evening  included  tlie  following : 
By  Mr.  John  B.  Mayo,  entitled  "A  Strength  of  Gear  Chart "' ;  by 
Mr.  David  Guelbaum,  entitled  "  A  Law  of  Hydraulic  Obstruc- 
tion of  Flow  in  Pipes "  ;  by  Mr.  George  Pticlimond,  entitled 
"  Thermodynamics  Without  the  Calculus  "  ;  by  Mr.  H.  M.  Xorris, 
entitled  "  An  Accurate  Cost-keeping  System  *' ;  by  Mr.  Charles  T. 
Main,  entitled  "  The  Valuation  of  Textile  Manufacturing  Prop- 
erty "  ;  by  Mr.  W.  B.  Smith  Whaley,  entitled  "  Electricity  in  Cot- 
ton Mills  "  ;  by  Mr.  James  Hartness,  entitled  "  Screw  Die  for  the 
Turret  Lathe  "  and  "  Stay-bolt  Threading  Device  "  ;  together 
with  a  discussion,  postponed  from  Wednesday  morning,  ujDon  the 
proposed  revision  of  the  code  of  boiler  tests.  In  consequence  of 
the  interest  attaching  to  the  discussion  of  the  boiler  code,  only 
the  papers  of  Messrs.  3Iayo  and  Guelbaum  were  read,  and  the 
discussion  on  the  boiler  code  was  introduced  by  Mr.  Charles  E. 
Emery,  who  was  followed  by  Messrs.  Stirling,  Jacobus,  Kent, 
Gale,  Henning,  Whitham,  Cary,  Manning,  Ash  worth,  Hawkins, 
and  Kent. 

The  President  took  occasion  to  allude  in  genial  terms  to  the 
fact  that  for  many  years  he,  in  common  with  other  members  of 
the  Society  visiting  Xew  York  City,  had  been  receiving  the 
hospitality  tendered  to  the  membership  on  the  occasion  of  the 
annual  reception  held  in  New  York  City  during  the  recurring 
annual  meetings,  without  appreciating  that  in  so  doing  he  was 
accepting,  as  were  all  the  members,  a  personal  courtesy  ex- 
tended to  the  visiting  members  by  the  residents  of  New  York 
City.  He  thereupon  called  on  Mr.  Oberlin  Smith  to  present  a 
resolution  which  he  had  drafted,  which  was  done  iu  the  follow- 
ing terms : 
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Resolved,  That  the  heartfelt  thanks  of  the  members  in  attendance  at  tliis  con- 
vention are  due,  and  are  hereby  tendered,  to  the  New  York  members  of  the 
Society  for  their  generous  hospitality  in  entertaining  their  guests  at  the  general 
reception  held  last  evening. 

Mr.  C.  J.  H.  Woodbury. — In  rising  to  second  tliis  resolution  I 
want  to  say  that  it  lias  always  seemed  to  me  that  members  of 
the  Society  are  now,  and  have  always  been,  deeply  grateful  to 
the  New  York  members  of  the  Society  for  the  perennial  spring 
of  hospitality  which  we  have  always  found  flowing  in  the  late 
autumn  for  our  annual  meeting.  We  non-residents  may  be  like 
the  little  lad  who  was  reproached  for  not  thanking  a  generous 
lady  for  her  gift  of  candy,  who  replied  that  he  did  thank  her,  but 
he  had  not  told  her  so.  It  may  be  that  we  have  not  always  told 
the  New  York  members  of  our  thanks,  and  it  seems  to  me  a 
very  proper  action  to  spread  a  resolution  of  this  sort  upon  the 
records  of  our  Society. 

Fitting  and  humorous  remarks  were  made  by  Messrs.  Ash- 
worth  and  Oberlin  Smith,  and,  on  motion,  the  resolution  was 
adopted. 

The  President  called  on  Mr.  C.  J.  H.  Woodbury,  who  had 
been  appointed  a  delegate  to  represent  the  Society  at  the 
National  Conference  which  had  been  summoned  to  consider  the 
preparation  of  rules  and  requirements  for  the  installation  of 
apparatus  and  wiring  for  electric  light,  heat,  and  power.  He  ex- 
plained that  the  Society  had  tendered  to  this  Conference  the  use 
of  its  rooms  for  their  meetings,  and  that  a  ballot  letter  of  recog- 
nition had  been  received  and  filed  from  Mr.  William  J.  Ham- 
mer, the  President  of  the  Conference.  Mr.  C.  J.  H.  Woodbury 
had  been  chosen  the  Secretary  of  the  Conference,  as  well  as 
representing  the  Society  in  its  deliberation.  Mr.  Woodbury's 
report  was  as  follows  : 

REPORT    OF    DELEGATE    TO    THE    NATIONAL    CONFERENCE     ON 
STANDARD    ELECTRICAL    RULES. 

Boston,  IMass.,  October  1,  1897. 

To  THE  PrESTDENT  AND  COUNCIL  OF  THE  AMERICAN  SOCIETY  OP  MECHANI- 
CAL Engineers. 

Gentlemen :  In  accordance  with  the  vote  of  the  Council  : 

On  motion  resolved,  "  That  the  American  Society  of  Mechanical  Engineers 
takes   pleasure  in  accepting   the  invitation    from   the   National  Conference  on 
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Standard  Electrical  Rules,  and  until  further  action  will  send  a  delegate  to  future 
meetings  of  the  Conference  ;  " 

Resolved:  "That  Mr.  0.  J.  H.  Woodbury,  of  Boston,  past  Vice-President  of 
this  Society,  be  appointed  the  delegate  of  this  Society  to  the  National  Confer- 
ence on  Standard  Electrical  Kules,  until  further  action  by  the  Council." 

The  Coafereuce  included  representatives  from  the  following  bodies : 

American  Society  of  Mechanical  Engineers, 
American  Institute  of  Electrical  Engineers, 
American  Street  Railway  Association, 
^  Associated  Factory  Mutual  Fire  Insurance  Companies, 

National  Association  of  Fire  Engineers, 
National  Board  of  Fire  Underwriters, 
National  Electric  Light  Association, 
Underwriters'  National  Electric  Association, 
National  Board  of  Fire  Underwriters, 
American  Institute  of  Architects, 
International  Fire  Chiefs'  Association, 
American  Bell  Telephone  Company, 
Western  Union  Telegraph  Company, 
Postal  Telegraph  Company, 
General  Electric  Company, 
Westinghouse  Electric  and  Manufacturing  Company, 

and  held  a  meeting  in  the  Hall  of  the  American  Society  of  Mechanical  Engineers 
on  March  18-19,  1895,  at  which  William  J.  Hammer  was  elected  President  ;  C. 
J.  H.  Woodbury,  Secretary. 

The  two  days  were  occupied  in  a  critical  discussion  of  electrical  rules,  and  a 
record  of  the  conclusions  taken  and  submitted  to  the  following  Code  Committee: 

F.  B.  Crocker,  Chairman,  American  Institute  Electrical  Engineers. 
WIT        Br     1       )  National  Electric  Light  Association. 

'  (  National  Association  of  Fire  Underwriters. 
E.  A.  Fitzgerald,  Underwriters'  National  Electric  Association. 
William  R.  Ford,  American  Street  Railway  Association. 
E.  V.  French,  Factory  Mutual  Fire  Insurance  Companies. 
W.  H.  Merrill,  National  Board  of  Fire  Underwriters. 
Alfred  Stone,  American  Institute  of  Architects. 
W.  J.  Hammer,  President  of  the  Conference,  ex-oflBcio. 
Copies  of  existing  rules   were  printed  in  parallel  columns,  and  four  hundred 
and  sevent^'-five  copies  sent  to  interested  parties,  with  a  communication  from  the 
Secretary  asking  for  further  comments  and  suggestions. 

The  replies  were  submitted  to  the  Committee  on  Code,'  who  held  numerous 
meetings,  and  the  result  of  their  labors  accepted  by  the  members  of  the  Confer- 
ence on  a  letter  ballot  without  reassembling  of  the  body. 

The  Electrical  Committee  of  the  National  Board  of  Fire  Underwriters  have 
accepted  the  suggestions  in  the  identical  form  in  which  the  rules  are  now  issued  by 
that  body  under  the  title  of  the  "  National  Electrical  Code,"  edition  of  1897,  and 
the  code  has  also  been  accepted  by  those  of  the  bodies  constituting  that  organiza- 
tion who  have  held  meetings  at  which  action  could  have  been  taken  on  the  subject. 
In  its  present  form  it  represents  a  consensus  of  opinion  by  those  broadly  in- 
terested  in  every  department  of  the  subject,  and  its  adoption  by  the  under- 
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writers   and  other  organizations  Las  accomplished  the   desired  purpose  of  the 
unification  of  rules  upon  the  subject  of  installation  and  maintenance  of  electrical 
plant. 
A  copy  of  the  rules  is  submitted  herewith,  and  forms  a  part  of  this  report. 
Respectfully  submitted, 

C.  J.  II.  Woodbury, 

Delegate  from  the  A.  8.  M.  E. 

At  the  conclusion  of  tlie  report  Mr.  H.  II.  Suplee  presented 
tlie  following  resolutions,  wliicli  were  adoj^ted.  The  Standard 
Kules  will  be  made  an  appendix  to  tlie  papers  of  the  meeting : 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  have  listened 
witli  interest  to  the  report  of  its  delegate  to  the  National  Conference  on  Standard 
Electrical  Kules,  and  his  report  concerning  the  National  Electrical  Code  of  Rules 
and  requirements  for  installation  of  apparatus  and  wiring  for  electric  light,  heat, 
and  power. 

Rcsolrcd,  That  the  American  Society  of  ]\Iechanical  Engineers,  pursuant  to  its 
approved  policy  in  technical  matters  such  as  are  concerned  in  the  report  of  its 
delegate,  accept  the  report  of  the  Committee  of  the  National  Conference,  which 
lias  been  presented  to  the  Society  by  Mr.  Woodbury,  and  direct  that  the  rules 
and  requirements  recommended  be  printed  as  one  of  the  papers  of  this  meeting 
and  incorporated  into  the  volume  of  Transactions,  and  the  use  of  these  rules  be 
recommended  to  the  membership  of  this  Society. 

,   Fifth  Session.     Feiday,  December  3d. 

The  papers  for  the  morning  included  certain  ones  which  had 
been  omitted  from  the  regular  programme  of  the  previous  even- 
ing, by  reason  of  the  interest  attaching  to  the  discussion  on  the 
revision  of  the  code  of  boiler  trials,  and  included  the  following 
papers  :  Bv  Ms.  George  W.  Dickie,  entitled  "  Ausiliarv  Engines 
and  Machinery  for  Naval  Vessels  "  ;  by  Mr.  George  W.  Bissell, 
entitled  "  A  Boiler  Setting  "  ;  by  Mr.  H.  M.  Norris,  entitled  "  An 
Accurate  Cost-keeping  System  "  ;  by  Mr.  George  Richmond, 
entitled  "  Thermodynamics  Without  the  Calculus " ;  by  Mr. 
Charles  T.  Main,  entitled  "  The  Valuation  of  Textile  Manufac- 
turing Property  "  ;  liy  Mr.  James  Hartuess,  entitled  "  Screw  Die 
for  the  Turret  Lathe  "  and  "Stay-bolt  Threading  Device"  ;  by 
Mr.  C.  J.  H.  Woodbury,  entitled  "  Dustless  Buildings  " ;  by  Mr. 
Andrew  Fletcher,  entitled  "  The  Stevens  Valve  Gear  for  Marine 
Engines"'  ;  by  Mr.  E.  H.  Mumford,  entitled  "Machine  Moulding 
Without  Stripping  Plates  "  ;  by  Mr.  W.  B.  Smith  Whaley,  en- 
titled "Electricity. in  Cotton  Mills  "  ;  by  Mr.  A.  L.  Rice,  entitled 
"  Convenient  Form  of  Wire  Testing  Machine."  The  discussions 
were    presented   by    Messrs.    Saplee,    Halsey,  Rogers,  Oberliu 
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Smith,  Randolpli.  Carj,  C.  "W.  Hunt,  Kent,  Rockwood,  "Wood- 
Inirv,  Henning,  Gale,  Archer,  Pomeroy,  Kafer,  Fletcher,  Comly, 
Winship,  and  Main, 

At  the  conclusion  of  the  last  paper  the  President  made  grace- 
ful allusion  to  the  courtesies  which  he  had  received  from  the 
members,  and  expressed  the  pleasure  and  grateful  memories 
which  he  would  take  with  him  as  a  recollection  of  the  treatment 
which  he  had  received  at  the  hands  of  the  Society  and  its 
officers. 

The  Secretary  made  mention  of  the  j)robable  occurrence  of 
the  next  meeting  of  the  Society  at  Niagara  Falls,  beginning 
May  31st.  ThereujDon  the  President,  on  motion,  announced 
the  meeting  adjourned. 

The  custom  was  followed  at  this  meeting  which  has  been  the 
precedent  of  several  previous  years,  that  at  the  close  of  the 
morning  session  on  Wednesday  and  Thursday  a  luncheon  was 
served  to  the  members  who  were  in  attendance,  and  who  were 
by  this  expedient  beguiled  into  remaining  during  the  unassigned 
hours  of  the  afternoon  for  conference  with  each  other,  and  for 
the  discussion  of  informal  questions  presented  outside  of  the 
regular  routine  of  the  meeting.  No  papers  were  assigned  nor 
excursions  allotted  to  these  afternoons,  with  this  definite  oppor- 
tunity in  view.  On  Thursday  afternoon  Mr.  Gus  C.  Henning 
presented  the  results  of  the  recent  experiments  in  photograph- 
ing in  natural  colors  under  the  Joly  patents  and  system,  throw- 
ing transparencies  upon  the  screen  in  color  and  illustrating  the 
system  with  many  successful  examples. 

On  Wednesday  evening  a  general  reception  was  tendered  by 
the  New  York  membership  to  the  visiting  members  and  their 
ladies  at  Sherry's,  Thirty-seventh  Street  and  Fifth  Avenue. 
The  members  were  received  by  the  President  in  office  and  by 
the  President-elect,  with  their  ladies,  as  a  reception  committee, 
and  after  the  reception  dancing  was  provided  for  in  the  large 
ballroom.  Supper  was  served  during  the  entire  evening,  so  as 
to  prevent  uncomfortable  congestion  at  the  table.  Upwards  of 
four  hundred  persons  were  in  attendance. 
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THE   TELESCOPE  CONSIDERED   HISTORICALLY  AND 
PRACTICALLY. 

BY  WOBCESTEU  It.   WARNER,   CLEVELAND,   OHIO. 

(President's  Address,  1897.) 

In  the  study  of  the  developmeut  of  the  telescoj^e,  it  may  be  of 
interest  to  recall  briefly  the  state  of  the  science  of  astrouomy  up 
to  the  time  of  Galileo's  invention. 

The  ancients  had  carefully  studied  the  geography  of  the  heav- 
ens, and  as  early  as  2000  B.C.  we  have  records  of  the  constella- 
tions. In  the  oldest  of  the  biblical  records — the  Book  of  Job — 
we  read  :  "  Canst  thou  bind  the  sweet  influences  of  Pleiades,  or 
loose  the  bands  of  Orion?  .  .  .  or  canst  thou  guide  Arcturus 
with  his  suns  ?  " 

lu  the  second  century  e.g.,  Ilipparchus,  the  father  of  mathe- 
matical astrononi}',  by  comparing  his  own  observations  with 
those  recorded  147  years  earlier,  demonstrated  that  the  length  of 
the  year,  instead  of  being  3G5^  daj^s,  as  it  had  hitherto  been  con- 
sidered, was  365  daj's,  5  hours,  55  minutes,  12  seconds.  This  is 
the  first  instance  in  the  history  of  astronomy  where  a  result  was 
deduced  by  a  comparison  of  widely  separated  observations.  His 
result,  as  determined  over  2,000  years  ago,  is  in  excess  of  the 
correct  length  of  the  year  by  but  six  minutes. 

Later  he  discovered  the  precession  of  the  equinoxes,  and  to  him 
also  we  are  indeljted  for  the  first  star  catalogue,  his  list  compris- 
ing 1,088  stars.  Ptolemy,  who  flourished  about  the  middle  of  the 
second  century,  A.D.,  preserved  in  his  publications  the  work  of 
Hipparchus,  and  published  the  first  catalogue  of  the  constella- 
tions, forty  in  number. 

Ptolemy  is  best  known  to  the  world  as  the  originator  of  the 
Ptolemaic  system  of  the  universe.  While,  as  we  know,  founded 
on   error,  this  was  the   accepted  theory  for  more  than   thirteen 
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hundred  years,  duriii^^  w  liicli  time  little  progress  was  made  iu  the 
science  of  astronomy. 

Copernicus,  about  the  year  1550,  gave  to  the  world  the  true 
theor}',  claiming  the  sun  as  tiie  centre  of  our  system  ;  but  it  was 
slow  in  finding  favor,  for  the  Ptolemaic  system  had  become  so 
closely  interwoven  with  the  religious  belief  of  the  times  that  any 
view  differing  from  it  was  considered  heretical.  In  fact,  the  Co- 
pernican  system  waited  for  the  invention  of  the  telescope,  and 
consequent  verification  through  Galileo's  discovery  of  the  phases 
of  Venus  and  Mercury. 


Fig.  1. — AsTuoNoMiCAL  Instkdments  on  the  Walls  of  Pekin,  China. 


From  the  earliest  historical  mention  of  astronomy  down  to  the 
invention  of  Galileo's  telescope  in  1610,  the  science  was  closely 
interwoven  with  superstition  in  the  form  of  the  pseudo-science  of 
astrology  ;  so  much  so,  in  fact,  that  the  so-called  wise  men  of  the 
first  sixteen  centuries  of  the  Christian  era  were  fortune  tellers, 
and  based  their  predictions  on  the  jihenomena  of  the  heavens 
and  the  position  of  stars  and  planets.  Some  remnants  of  these 
ancient  astrological  beliefs  still  hold  sway  over  many  of  our  estim- 
able peo])le,  for  have  we  not  often  heard  of  fond  mothers  who 
wait  until  after  the  full  of  the  moon  before  beginninsc  to  wean  their 
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babies?  Aud  nearly  every  time  the  moon  presents  her  beautifnl 
crescent  to  us  in  the  western  sky,  we  are  told  that  it  is  either  a 
"wet  moon"  or  a  "dry  moon."  If  we  happen  to  have  a  storm 
near  the  21st  of  March  or  of  September,  it  is  to  this  day  called 
the  "  equinoctial  storm,"  although  the  position  of  our  earth  rela- 
tive to  the  sun  can  have  no  possible  effect  on  the  Aveather. 

The  most  valuable  astronomical  instruments  previous  to  the  in- 
vention of  the  telescope  were  constructed  in  the  last  quarter  of  the 
fifteenth  century  by  order  of  that  most  eminent  Danish  astrono- 
mer, Tycho  Brahe.  By  graduated  circles  and  finely  made  sights 
he  was  able  to  construct  a  catalogue  of  777  stars  whose  positions 
were  more  accurately  measured  than  in  the  case  of  any  previous 
catalogue.  His  very  interesting  instruments  are  now  preserved 
in  the  Royal  Palace'  at  Fredericksborg,  near  Copenhagen. 

While  we  find  several  accounts  of  instruments  for  the  purpose 
of  seeing  objects  at  a  distance,  there  seems  to  be  no  authentic 
record  of  a  telescope  actually  constructed  previous  to  those  made 
in  Holland  about  the  year  1609  by  Janssen,  Metius,  or  Lipper- 
hey.  Different  accounts  give  credit  to  each  of  these  men,  so  we 
will  give  credit  to  all.  In  any  case,  the  Dutch  instrument  was 
appUed  solely  to  military  uses.  It  remained  for  the  Italian  phi- 
losopher Galileo  to  first  apply  the  principle  of  the  telescope  to 
astronomical  research. 

The  earhest  telescopes  consisted  of  two  lenses  held  in  then- 
relative  positions  by  insertion  in  a  tube.  The  object  glass,  or  ob- 
jective, was  of  double  convex  form,  and  the  eyepiece  was  a  double 
concave  lens,  the  distance  of  these  lenses  from  one  another  being 
the  difference  of  their  principal  foci,  just  as  in  the  tubes  of  our 
cheapest  opera  glasses  of  to-day.  The  modern  opera  glass,  how- 
ever, magnifies  but  about  2^  diameters,  while  Galileo  succeeded  in 
making,  on  this  principle,  a  telescope  which  magnified  30  diame- 
ters With  this  he  discovered  the  mountains  on  the  moon,  the 
phases  of  Venus,  and  the  four  satellites  of  Jupiter.  The  Dutch 
inventors  called  their  simple  instrument  a  >'  trunk,"  while  Galileo 
speaks  of  his  as  the  "  optic  tube  "  and  the  "  perspective." 

The  objective  of  one  of  Galileo's  original  telescopes-about  H 
inches  aperture— is  now,  with  many  other  mementoes  of  that 
great  philosopher,  in  the  Galilean  Tribune  of  the  Museum  of 
Natural  Sciences  in  Florence. 

A  few  years  after  the  invention  of  the  Galilean  instrument,  it 
was  suggested  by  the  German  astronomer  Kepler  that  a  tele- 
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scope  liaviug  two  convex  lenses  would  bo  superior  to  the  form 
used  by  Galileo.  Kepler,  however,  did  not  develop  the  idea,  and 
we  find  no  important  mention  of  it  until  the  English  astronomer 
Gascoigne  discovered,  about  1G38.  that,  in  addition  to  seeing  a 
distant  object  by  this  form  of  telescope,  he  could  at  tlie  same  time 
clearly  see  a  small  object  placed  in  the  focus  common  to  the  two 
lenses.  To  him,  therefore,  belongs  the  glory  of  having  first  ap- 
plied to  the  telescope  the  basic  principle  of  the  micrometer  for 
the  measurement  of  objects  and  angles.  The  invention  enabled 
him  to  make  the  first  telescopic  measurements  of  the  sun,  moon, 


Fig.    2.— a    Great    Telescope    of    the    Seventeenth    Century,    after 

BlANCHINI. 


and  principal  planets.     Unfortunately  his  career  came  to  an  early 
close,  for  he  died  in  1644,  at  the  age  of  24. 

Two  serious  optical  difficulties,  called  "  chromatic "  and 
"  spherical "  aberration,  caused  the  earlier  astronomers  great 
trouble  ;  for  even  in  Galileo's  telescopes,  small  as  they  were,  a 
fringe  of  rainbow  tints  surrounded  every  object  viewed,  and  the 
objects,  too,  had  a  more  or  less  hazy  or  indistinct  appearance, 
caused  by  the  spherical  aberration  of  the  single  lens  used  by 
him,  while  the  higher  the  magnifying  power  the  more  manifest 
were  these  defects.  They  were  more  marked,  too,  in  the  Kep- 
leriau  than  in  the  Galilean  telescope.     The  chromatic  aberration 
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was  partly  overcome  and  the  splierical  aberration  was  reduced 
by  greatly  increasing  the  focal  length  of  the  objective.  So, 
while  the  early  Dutch  telescopes,  as  well  as  those  made  by 
Galileo,  were  but  a  few  inches  long,  the  astronomer  Huyghens 
had,  about  the  year  1655,  constructed  telescopes  varying  from 
150  to  200  feet  long.  With  one  of  these  he  discovered  a  satel- 
lite of  Saturn,  and  later  established  the  fact  that  the  "  appen- 
dage "  which  Galileo  had  described  as  attending  that  planet  was 
a  ring,  probably  revolving  around  it.  With  one  of  these  long- 
focus  telescopes,  too,  Cassini  discovered  the  divisions  in  the  ring 
of  Saturn.  The  glass  with  which  he  made  this  discovery  is  now 
carefully  preserved  in  the  museum  of  the  National  Observatory 
at  Paris. 

Gascoigne's  invention  of  the  micrometer  had  not  been  made 
known  beyond  England,  but  in  1658  the  French  astronomer 
Huyghens  independently  discovered  this  same  principle,  and  in 
1659  applied  it  by  inserting  a  strip  of  metal  of  varying  width 
in  the  focus  of  his  telescope,  and  noting  at  what  point  it  exactly 
covered  the  image  of  the  distant  object  under  observation.  By 
carefully  measuring  the  strip  of  metal  and  comparing  it  with  the 
focal  length  of  the  objective,  he  readily  deduced  the  apparent 
magnitude  of  the  object.  In  this  manner  he  determined  the 
angular  diameter  of  the  planets  and  the  relative  positions  of 
many  stars. 

Improvements  on  this  method  of  measuring  angles  were  rapid 
and  easy,  the  next  step  being  the  application  of  a  network  of 
silver  wires  in  the  focus  of  the  telescope.  This  was  followed  in 
1666  by  the  micrometer  with  movable  wires,  which  is  one  of  the 
principal  forms  in  use  at  the  present  time,  though  in  the  gradual 
refinement  of  the  instrument  the  metallic  wires  have  long  since 
been  replaced,  first  by  fibres  of  silk,  and  later  by  the  infinitely 
delicate  web  of  the  spider. 

The  invention  of  the  micrometer  opened  an  entirely  new  field 
for  astronomical  research.  The  telescope  was  no  longer  merely  a 
revealer  of  the  heavens,  but,  by  the  help  of  the  new  apparatus, 
pointing  it  exactly  toward  a  given  object,  had  become  a  measuring 
instrument  of  undreamed  accuracy. 

About  1680,  Roemer,  a  Danish  astronomer,  constructed  a  tele- 
scope having  a  fixed  axis  at  right  angles  to  the  optical  axis,  and 
in  the  focus  of  which  he  placed  micrometer  wires.  Thus  he 
invented  the  form  of  telescope  called  the  "  transit  instrument." 
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To  the  axis  were  applied  graduated  circles,  the  divisions  of  which 
were  road  by  microscopes.  Roomer  adjusted  his  instrument  in 
the  true  meridian,  and  so  first  used  the  telescope  for  measuring 
the  exact  time  of  the  transit  of  stars  across  the  meridian  (Fig.  3). 
The  limitations  to  the  power  of  refracting  telescopes  caused  by 


Fig.  3.— Six  inch  Meridian  Circle,  U.  S.  Naval  Observatory. 

"chromatic  aberration,"  as  mentioned  earlier  in  this  paper,  were 
most  carefully  studied  with  a  view  to  obviating  the  trouble.  Sir 
Isaac  Newton,  in  investigating  the  subject,  discovered,  in  1666, 
the  unequal  refraction  of  the  different  elements  of  light,  and  from 
that  fact  deduced  the  conclusion  that  any  further  improvement  in 
the  refracting  telescope  was  impossible. 
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He  then  turned  his  attention  to  the  principle  of  reflecting  tele- 
scopes, which  had  been  explained  by  Gregory  in  1GG4,  and  to 
Newton  must  be  given  credit  for  having,  in  1670,  constructed  the 
first  instrument  of  this  \ypo.  This  is  now  preserved  in  St.  John's 
College  Museum,  Cambridge,  England. 

While  the  chromatic  aberration  of  the  refractor  was  wholly 
obviated  in  the  reflector,  other  equally  annoying  conditions  pre- 
vented its  general  adoption.  It  was  essential  that  the  reflecting 
surface  be  a  parabola,  and  none  of  the  earlier  opticians  could 
produce  that  form.  Anotlier  difficulty  lay  in  the  fact  that  the 
effect  of  errors  of  spherical  aberration  in  the  optical  surface  is 
four  times  as  manifest  in  reflectors  as  in  refractors. 

Thus  we  see  that  both  types  of  telescopes  were  greatly  limited 
in  their  efficiency,  and  the  prospect  of  improvement  seemed  far 
distant. 

Indeed,  though  sixty  3"ears  had  passed  since  Galileo  made  liis 
first  telescope,  yet  these  limitations  to  the  power  of  instruments, 
as  just  explained,  so  retarded  progress  that  but  few  astronomical 
discoveries  had  been  added  to  those  made  by  him.  Nearly  a 
hundred  years  more  were  destined  to  pass  before  the  problem  ot 
correcting  the  chromatic  and  spherical  aberration  of  the  refracting 
telescope  should  be  solved.  During  this  time  much  was  clone 
toward  developing  the  reflecting  telescope. 

In  1732  Newton  succeeded  in  constructing  the  first  parabolic 
mirror,  which  greatly  improved  the  definition  of  such  instruments. 
But  at  last,  in  1755,  the  English  optician  Dollond  discovered  that 
the  dispersion  of  light  Avas  variable  when  refracted  through  dif- 
ferent kinds  of  glass.  With  this  fact  as  a  key,  he  constructed 
object  glasses  having  two  lenses  of  such  form  and  refracting 
power  that  one  would  correct  the  error  of  the  other,  and  thus 
eliminate  entirely  the  spherical  aberration  as  well  as  the  greater 
part  of  the  chromatic  aberration.  This  invention  removed  in  a 
very  large  measure  the  difficulty  which  for  one  hundred  and  Mtj 
years  has  been  a  check  to  progress  in  the  use  of  refracting  tele- 
scopes. Credit  is  given  to  Chester  Moore  Hall,  of  Essex,  England, 
for  having  made  the  first  achromatic  objective,  in  the  year  1829  ; 
but  the  theoretical  as  well  as  the  practical  development  of  this 
great  invention  is  certainly  due  to  John  Dollond. 

Comparing  the  two  types,  reflectors  and  refractors,  it  must  be 
said  that  both  have  their  points  of  decided  advantage ;  but  the 
serious  loss  of  light  and  definition  in  the  case  of  the  former  rele- 
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gates  it,  in  the  liauds  of  astronomors,  to  use  in  very  limited 
directions,  and  in  the  hands  of  amateurs,  to  the  purposes  of 
entertaining  the  pubKc.  Even  in  the  case  of  so  earnest  a  student 
as  Lord  Rosse,  it  is  worth  remembering  that  his  best  records  were 
made  with  his  three-foot  reflector  rather  than  with  the  famous 
six-foot.  Wliile,  therefore,  there  seems  no  limit  to  the  develop- 
ment of  the  refractor,  a  bound  is  set  to  the  usefulness  of  large 


Fig.  4. — Lokd  Rosse's  Six-foot  Reflecting  Telescope. 

reflectors  b}'  the  impossibility  of  properly  supporting  a  mirror 
more  than  three  feet  in  diameter.  Varying  flexure  results  from 
experimenting  with  larger  specula,  so  that  it  is  scarcely  scientific 
to  expect  further  development  in  reflecting  telescopes ;  yet  they 
have  their  uses,  and  are  found  to-day  in  many  of  the  best-equipped 
observatories,  but  only  as  accessories  to  the  principal  instruments. 
Each  advance  in  the  optical  efiicieucy  of  the  telescope  necessi- 
tated equal  improvement  in  mechanical  means  for  adjusting  and 
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usin-  the  instrument.  At  first  it  was  simply  held  in  the  hand, 
and  even  as  crude  methods  of  support  came  gradually  into  vogue, 
they  were  of  small  use  otherwise  than  as  approximately  holding 
the  tube  in  position.  Previous  to  the  eighteenth  century  the 
best  telescopes  were  used  with  the  alt-azimuth  mounting,  having, 
as  the  name  indicates,  one  motion  in  altitude  and  one  in  azimuth 
the  combination  of  these  motions  enabling  the  observer  to  point 
the  instrument  to  any  part  of  the  visible  heavens.  The  apparent 
motion  of  the  stars  made  the  use  of  this  type  of  mounting  very 
unsatisfactory  and  inadequate  for  observing,  especially  when  high 
magnifying  powers  were  required. 

When  we  remember  that  it  was  an  astronomer  who  overthrew 
the  Ptolemaic  heresy  by  demonstrating  the  Copernican  theory, 
and  an  astronomer  who  devised  the  very  form  of  the_  te  escope, 
and  wrought  out  the  optical  problems  involved,  it  is  hard  to 
understand  why  mighty  thinkers  like  these  same  early  astrono- 
mers should  have  stumbled  in  the  design  of  a  mounting  which 
would   follow  by  a   single   movement  the   apparent  motions  ot 
stars  and  planets.     Yet  we  do  not  find  any  mention  of  the  equa- 
torial telescope  until  Koemer,  the  Astronomer  Royal  of  Denmark, 
made  one  early  in  the  eighteenth  century,  and  we  may  believe  he 
was  the  original  inventor  of  this  most  excellent  type  of  mounting 
which  has  become  standard  throughout  the  world.     Its  principal 
features  are  very  familiar,  and  yet  a  mention  of  them  may  not  be 

"""sunnounting  a  heavy  pier  or  column,  about  half  the  height  of 
the  telescope,  is  the  equatorial  head,  carrying  the  polar  axis  at  an 
angle  exactly  equal  to  the  latitude  of  the  locality,  and  conse- 
quently exactly  parallel  to  the  axis  of  rotation  of  the  earth      At 
the  upper  end  of  the  polar  axis,  and  at  right  angles  to  it,  are 
bearings  for  carrying  the  declination  axis.     This  axis  m  turn  is 
rigidly  fastened  to  the  telescope  tube  at  right  angles  to  its  optical 
axis      Both  the  polar  and  declination  axes  carry  graduated  cir- 
cles read  by  vernier  or  micrometer.     By  these  the  position  of  the 
star  or  planet  observed  is  accurately  determined  ;  or  conversely, 
bv  setting  the  instrument  so  that  the  circles  will  read  its  pre- 
determined position,  the  star  is  found.     The  fact  that  the  polar 
axis  of  the  telescope  is  parallel  with  the  earth's  axis  of  rotation 
will  make  it  clear  to  all  that  the  apparent  motion  of  the  stai^, 
caused  by  the  diurnal  motion  of  the  earth  from  west  to  east,  will, 
when  a  star  is  being  observed,  be  counteracted  by  an  equal  angu- 
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Fig.  5. — Dudley  Obsektatoky  Twelve-inch  Equatokial  Telescope. 
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lar  revolution  of  the  polar  axis  from  east  to  west,  and  the  star 
will  therefore  appear  to  stand  still  in  the  field  of  the  telescope. 
This  motion  of  the  i)olar  axis  was  in  the  earlier  equatorial 
mountings  operated  by  hand,  but  about  the  year  1825  driving 
clocks  were  introduced  to  make  the  tube  follow  the  apparent 
motion  of  the  star  by  automatically  revolving  the  polar  axis  in 
sidereal  time,  thus  adding  greatly  to  the  ease  and  comfort  of  the 
astronomer,  and  thereby  enabling  him  to  make  better  and  more 
accurate  observations. 

Not  only  however,  had  the  development  of  the  telescope  waited 
for  the  invention  of  the  driving  clock,  but  also  for  improvements 
in  the  making  of  object  glasses.  In  this  latter  respect  by  far 
the  best  results  of  the  early  part  of  this  century  were  obtained  by 
that  most  eminent  physicist,  Joseph  Fraunhofer  of  Munich.  He 
died  in  182G,  but  is  to-day  quoted  by  the  physicists  and  astron- 
omers of  the  whole  world.  His  successors,  Merz  and  Mahder, 
made  the  largest  refracting  telescopes  of  their  time,  the  monu- 
ments of  their  genius  being  the  Harvard  College  15-inch  telescope, 
and  one  of  equal  size  for  the  Eussian  National  Observatory  at 
Pulkowa,  both  completed  in  1845. 

The  latter  observatory,  by  the  way,  was  founded  by  Czar 
Nicholas  II.,  on  the  express  condition  that  it  should  always  be 
equipped  with  the  largest  telescope  in  the  world.  It  has  had  a 
brilliant  career  of  usefulness,  and  is  still  in  the  enjoyment  of  great 

with  the  combination  of  mechanical  and  optical  efficiency  the 
modern  achievements  in  telescope  building  became  possible.     The 
problems  of  construction  have  been  studied  by  many  very  able 
minds,  and  passed  through  many  curious  phases,  always  with  a 
view  to  helping  the  astronomer  in  his  practical  work,     io  that 
end  a  modern  French  engineer  has  devised  a  form  of  mounting 
which  is  called  the  equatorial  coude,  or  elbowed  telescope.     Re- 
member, if  you  please,  that  the  temperature  of  an  observatory 
must  be  kept  as  nearly  as  possible  that  of  the  atmosphere  outside 
otherwise  currents  of  air  would  make  the  definition  imperfect,  and 
even  obscure   the  lesser  stars;    and   remember,   too,   that  since 
definition  is  often  best  in  cold  weather,  the  astronomer  must  be 
inured  to    work    in    appalling   temperatures.     Moreover,   unless 
there  be  an  elevating  floor  to  his  observatory,  he  has  the  added 
discomfort  of  putting  himself  into  all  sorts  of  attitudes  while  ob- 
serving.    It  is  to  obviate  these  discomforts  that  the   coude  was 


48     TIIK  TKLKSCOPK  CONSI  DKKKD   1 1  ISI'OIUCALL^'  AND   PRACTICALLY. 

designed.  Here  tlio  polar  axis  roiins  part  of  the  tube,  the  observer 
looking  through  the  upper  end,  while  sitting  comfortably  in  his 
warm  room,  in  an  attitude  as  easy  as  though  he  were  using  a 
microscope.  The  star  being  twice  reflected  before  the  image  is 
formed  in  the  focus,  it  is  possible  to  bring  all  motions  under 
control  of  the  astronomer  while  seated,  if  he  so  i^lease,  in  his  easy 
chair.  The  Paris  Observatory  has  two  of  these  instruments,  one 
of  9^  and  the  other  of  24  inches  aperture.     There  is  also  one  at 
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Vienna,  and  the  type  is  gaining  more  favor  than  was  originally 
prophesied  for  it  by  those  who  feared  loss  of  light  and  definition 
through  the  use  of  methods  of  reflection.  Its  ingenuity,  at  least, 
cannot  be  questioned. 

Again,  the  combination  of  optical  and  mechanical  efficiency  in 
the  telescope  gave  an  immense  impetus  to  the  rise  of  observa- 
tories. The  first  national  observatory  was  that  of  Copenhagen, 
founded  in  1656.  The  Paris  Observatory  followed  in  1667,  and 
Greenwich  in  1G75.  So  they  came  into  existence  gradually,  up 
to  the  middle  of  this  century.    Since  then,  who  can  number  them  ? 
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Tlie  era  of  large  telescopes  may  be  said  to  date  from  this  same 
period,  1845,  and  the  race  for  supremacy  has  been  a  rapid  one ; 
for  during  the  last  fifty  years  the  i^ower  of  telescopes  has  been 
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Fig.  7. — Lick  Oj5ski{Vatwi;v  Thii;ty-six-inc"u  TKi,]:.sc()ri;. 

increased  seven-fold.  The  superlative  degree  has  been  applied, 
in  turn,  to  the  18-inch  telescope  of  1801,  now  at  the  Northwest- 
ern University,  and  to  the  26-inch,  made  in  1871  for  the  United 
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States  Naval  Observatoiy.  iN'i'xt  the  houor  was  transferred  to 
Russia,  where  at  Pulkowa,  in  1881,  a  30-incli  telescope  was 
installed.  This  remained  the  largest  until  the  36-inch  Lick  tele- 
scope was  completed  in  1888.  A  general  impression  seemed  then 
to  prevail  that  the  limit  of  size  and  power  had  been  reached, 
and  that  the  observatory  ou  Mt.  Hamilton  would  maintain  its 
position  as  the  Supreme  Court  of  Astronomy  for  a  long  time.  Its 
supremacy,  however,  extended  over  a  period  of  only  iiine  short 
years  ;  for  the  present  year  has  witnessed  the  completion  and 
dedication  of  the  Yerkes  Observatory,  whose  giant  equatorial, 
now  the  largest,  is  surely  destined  long  to  remain  so,  unless  sur- 
passed by  the  monster  projected  for  the  Paris  Exposition  of  190U 
— projected,  not  completed,  for  these  terms  are  by  no  means  syn- 
onymous in  optics. 

Not  only  do  the  casting  and  figuring  of  a  great  lens  demand 
ability  of  very  high  order,  but  the  mounting  has  passed  from 
the  province  of  the  mechanic  and  instrument-maker  to  that  of  the 
engineer.  Consider  for  a  moment  this  element  as  found  in 
the  26-incli  telescope  of  the  United  States  Naval  Observatory,  the 
36-incli  Lick,  and  the  40-inch  Yerkes  telescopes,  which,  while  pos- 
sessing differences  such  as  rendered  the  construction  of  each  a 
matter  of  independent  design,  are  yet  of  the  same  general  type. 
The  problems  presented  to  the  engineer  in  designing  and  con- 
structing such  great  celestial  engines  are  many  and  varied.  Let 
us  examine  a  few  of  them  in  the  case  of  the  Yerkes  instrument. 
The  weight  of  the  -lO-inch  objective,  wnth  its  cell,  is  1,000  pounds. 
The  weight  of  the  entire  telescope  is  70  tons.  The  tube  alone 
weighs  6  tons  and  is  02  feet  long.  Now  the  column  supporting 
these  heavy  movable  parts  must  be  rigid  in  the  last  degree,  and 
yet  of  convenient  form.  To  secure  these  results  it  is  made  rect- 
angular in  shape,  and  is  cast  in  four  sections,  rigidly  bolted 
together.  The  lower  section  has  a  broad,  extended  base,  14  by  18 
feet,  anchored  in  the  solidest  manner  to  the  masonry  foundation. 
The  upper  section  contains  the  driving  clock  and  its  attendant 
mechanism,  while  surmounting  this  section  is  the  equatorial 
head,  supporting  all  of  the  movable  parts  of  the  telescope.  A 
spiral  staircase  on  the  south  side  of  the  column  gives  easy  access 
to  the  clock  room  in  the  upper  section,  and  also  to  the  balcony 
surrounding  the  head. 

The  great  tube  must  be  as  free  from  flexure  as  possible,  and  of 
such  form  and  construction  as  to  insure  minimum  weight.     It  is 
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Fig.  y.-YEUKh.s  Ubseuvatuuv  Fuktv-incu  TKi^K^cuFi.. 
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made  of  steel  in  five  sections,  the  central  section  being  so  designed 
as  that  the  declination  axis  may  be  accurately  and  rigidly  fas- 
tened to  it.  The  objective  end  tcrnniiates  in  a  flange  so  arranged 
as  to  carry  the  great  objective  and  allow  proper  adjustment.  At 
the  "eye  end  "  provision  is  made  to  carry  not  only  the  micrometer 
and  eyepieces,  but  a  spectroscope  aud  spectro-heliograph  and 
other  physical  and  astro-physical  apparatus.  At  the  eye  end,  too, 
the  observer  must  liave  in  reach  the  hand  clamps  and  slow  motions 
in  declination  and  right  ascension,  as  well  as  the  buttons  operating 
the  electric  clamps  and  slow  motions  (Fig.  9).  The  polar  and 
declination  axes — by  means  of  which  the  telescope  can  be  directed 
to  any  ])art  of  the  visible  heavens — 'must,  like  the  tube,  be  as  free 
from  flexure  as  possible.  They  are  hollow,  to  allow  a  part  of  the 
complicated  mechanism  to  be  carried  through  them.  All  bearings 
for  these  axes  must  be  made  with  the  greatest  accuracy,  and  have 
the  friction  reduced  to  a  minimum,  for  the  movements  of  the  tube 
and  its  attendant  mechanism  must  be  as  free  as  possible.  The 
weight  of  the  tube;  the  axes,  and  their  connections,  all  of  which 
must  move  when  the  telescope  is  following  the  apparent  motion 
of  a  star,  is  no  less  than  22  tons. 

Provision  must  be  made  for  conveniently  pointing  this  monster 
"  optic  tube"  to  any  part  of  the  visible  heavens.  This  is  roughly 
and  quickly  done  by  the  electric  motors,  one  giving  the  motion  in 
declination  and  the  other  in  right  ascension.  Two  smaller  motors 
are  also  provided  for  giving  slow  motions  in  both  directions.  By 
the  aid  of  these  motors  the  astronomer  is  able  to  bring  the  star 
to  the  centre  of  the  field,  in  coincidence  with  the  micrometer  wire. 
These  movements  must  also  be  easily  made  by  hand,  either  by 
the  assistant  on  the  balcony  or  by  the  astronomer  at  the  eye- 
piece. 

The  driving  clock,  which  is  located  in  the  upper  section,  must 
be  able  to  carry  all  this  great  weight  in  exact  sidereal  time,  so  that 
the  star  shall  appear  to  stand  still  as  it  is  bisected  by  the  spider 
web  of  the  micrometer  in  the  focus  of  the  telescope.  The  pro- 
pelling power  is  obtained  by  a  weight  of  850  pounds,  which,  when 
the  clock  is  in  motion,  falls  1^  feet  per  minute.  The  mechanism 
is  controlled  by  a  double  conical  pendulum  so  mounted  as  to  make 
one  revolution  per  second,  whether  it  is  carrying  the  telescope  or 
not.  The  whole  mechanism  of  the  driving  clock  must  be  so  de- 
signed that  its  motion  may  be  instantaneously  communicated  to 
the  polar  axis  by  electric  clamps  and  also  by  hand,  and  that  it 
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shall  provide  for  convcnientlj  changing  the  speed  from  stellar  to 
lunar  and  to  solar  rates. 

Finally,  since  the  success  of  many  important  observations  de- 


FiG.  9.— Eye  End.  Lick  Telescope. 


ponds  on  the  constant  and  regular  motion  of  the  driving  clock,  an 
electric  motor  must  be  introduced  for  automatically  keeping  it 
wound. 


54     THE  TELESCOPE  COXSIDEliEl)  HISTORICALLY  AND  PRACTICALLY. 

Such  aro  some  of  tlio  provisions  made  for  the  convenience  of 
the  astronomer  in  handling  a  laruo  instrument.  The  meclianism 
is  of  necessity  compHcated,  and,  as  has  been  said,  belongs  dis- 
tinctl}'  to  the  sphere  of  engineering. 

There  is  a  popular  idea  that  objectives  are  made  large  in  order 
to  magnify  enormously,  whereas  the  purpose  is  rather  to  secure 
more  light.  The  pupil  of  the  eye  has  a  diameter  of  only  about 
1  of  an  inch.  The  telescope  serves  to  increase  the  number  of 
rays  that  can  be  brought  upon  the  retina,  making  them  as  many 
as  fall  on  the  surface  of  the  objective.  The  retina  is  thus  virtually 
increased  in  the  ratio  of  the  square  of  the  diameter  of  the  objective 
to  the  sqiiare  of  i  of  an  inch.  Thus,  with  a  2-inch  aperture,  the 
number  of  rays  collected  is  100  times  as  great  as  the  number  col- 
lected by  the  naked  eye.  Figuring  thus,  too,  the  star  seen  through 
the  Terkes  telescope  is  more  than  40,000  times  as  bright  as  when 
seen  with  the  unaided  eye.  This  is  the  true  and  imanswerable 
argument  in  favor  of  large  telescopes.  In  our  country,  where 
exist  the  largest,  the  science  of  astronomy  is  in  a  state  of  progress 
which  may  well  be  a  source  of  pride.  It  was  the  26-iuch  telescope 
of  our  Naval  Observatory  which  first  showed  tlie  satellites  of  Mars, 
and  the  36-incli  Lick  glass  that  first  revealed  the  fifth  satellite  of 
Jupiter.  Sensational  discoveries  are  reserved  for  large  instru- 
ments, and  one  such  may  yet  reveal  to  us  the  trans-Neptunian 
planet  so  long  and  vainly  sought  in  our  own  dcij. 

The  original  use  of  the  telescope  was  to  study  the  motions  of 
heavenly  bodies,  but  it  was  the  elder  Herschel  who  first  proposed 
to  himself  to  make  of  it  a  means  of  determining,  as  he  expresses 
it,  "  the  present  constitution  and  the  evolution  history  of  the 
stars,  the  comets,  the  sun,  the  planets."  Thus  he  became  the 
founder  of  the  science  of  astro-physics.  Many  observatories  to- 
day confine  their  activities  to  this  form  of  research.  To  mere 
observing  have  been  added  photograph v,  photometry,  spectro- 
scopy, and  so,  in  process  of  time,  the  telescope  has  passed 
through  a  form  of  evolution  that  allies  it  to  the  history  of  civili- 
zation. While  astronomy,  as  we  know,  is,  of  all  sciences,  the 
one  most  removed  from  the  sphere  of  commercial  results,  yet 
the  telescope,  in  some  form  or  another,  is  the  one  and  only  means 
we  have  of  navigating  ships,  of  measuring  wide  expanses  of  terri- 
tory, of  determining  latitude  and  longitude,  and  of  keeping  time. 
Every  navigator  who  sails  out  of  sight  of  laud  must  have  a  fair 
knowledge  of  astronomy.     His  compass  tells  him  approximately 
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broad  ocean  1  o  .».     l-^o  ^  ^  instruments  for  taking 

l^X   -ct  Pof  on  for  eacU  .^-  of  J.  s„n    »^^^^^^^ 

and  simple  computatiou  tue  udvi-, 

latitude  and  longitude.  eminent  astrono- 

Government  observatories  keep  then  coips  ol  emme 

^ 


Fig.  10. -Lick  Obsekyatorv,  Moitnt  Hamilton,  Cal. 


1      1     of  work  raakincv  and  reducing  observations  for 
mers  ceaselessly  at  ^^olk  ra^^^^^n         with  these  nautical  almanacs 

^'^t  telescope  is  just  as  *nsaV>H  too  tojh--^-  ^^ 
laying  out  a  railroad  across  tho  -'!-^r'':^^e  from  New 
observins  Wh  latitude  and  lougit.rde.  J'  °  ;^^';;,^,^.^^,  ^„t  tl,e 
York  to  San  Francisco  has  never  '^-"  f  ^^^^^^^  ^^g'M.'observa- 
engineer  has  accurately  -J^  -»"-'! '>;;.°2any  impossible  to 
t^ur ;t  ir  retSew^ -/and  Liverpool,  but  .cry 
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(>aKj  to  (IctermiiiG  it  within  a  few  hmulred  feet  by  the  aid  of  the 
telescope,  llivci's  .'iikI  inoniitain  ranges  are  often  taken  as  divid- 
ing lines  between  countries;  but  where  these  natural  lines  are  not 
diplomatically  located,  the  telescope  is  brouglit  into  requisition, 
and  imaginary  lines,  designated  by  degrees  and  minutes  of  lati- 
tude or  longitude,  form  the  divisions  sought. 

Again,  the  te]escoi)e  M'itli  its  attached  camera  now  does  in  forty 
minutes  what  it  formerl}'  took  an  aljle  astronomer  four  years  to 
accomplisli,  and  does  it  better,  mapping  stars  lie  never  saw,  and 
making  a  permanent  record  with  no  discounts  for  the  personal 
equation.     In  this  connection  it  is  of  interest  to  recall  the  fact 


Fig.  11. — Yerkes  Observatory,  Geneva  Lake,  Wis.     Large  Dome  Ninety 

Feet  Diameter. 

that  the  first  heavenly  body  ever  photographed  was  the  moon,  in 
1840,  a  feat  accomplished  by  Dr.  J.  W.  Draper  in  our  own 
country.  In  1845  the  sun  was  first  photographed,  in  Paris ;  in 
1850,  at  tlie  Harvard  Observatory,  tlie  first  star  was  photographed. 
In  these  days  photograph}^  makes  all  the  star-maps,  and  keeps  its 
own  records  intact,  a  magnificent  legacy  from  this  to  future  genera- 
tions. 

Substitute  for  the  camera  the  spectroscope,  and  equally  mar- 
vellous results  follow.  The  instrument  is  then  called  a  telespec- 
troscope.  While  Wallaston,  as  early  as  1802,  knew  of  the  exist- 
ence of  dark  lines  in  the  spectrum  of  the  sun,  and  Fraunhofer,  in 
1823,  saw  them  in  the  spectrum   of  the  stars,  neither  of  these 
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investigators  recognized  their  c:uis(\  It  was  not  until  the  years 
1859  and  ISGO  that  Bunseu  and  Kirchoif  pubHshed  their  re- 
searches which  gave  to  the  scientific  world  the  meaning  of  the 
dark  lines  seen  crossing  the  spectrum  of  the  sun,  stars,  and  other 
heaveulv  bodies.  From  this  date  the  spectroscope,  when  attached 
to  the  telescope,  became  one  of  the  most  powerful  instruments  in 
the  hands  of  the  astronomer,  as  it  enabled  him  to  determine  the 


Fig.  12.— Zkmtii  Telescope. 

constitution  of  the  heavenly  bodies,  to  measure  their  motion  in 
the  line  of  sight,  to  watch  the  solar  flames  as  they  burst  forth  from 
the  sun,  and,  in  very  recent  years,  to  photograph  these  interesting 
phenomena,  as  well  as  facula;  that  cannot  be  seen  with  the  tele- 
scope. 

The  spectrum  lines  due  to  solar  prominences  had  never  been 
seen  without  a  total  eclipse,  until  Janssen  found,  just  after  the 
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eclipse  of  18G8,  they  could,  by  a  proper  {uraugemcnt  of  bis  spec- 
ti'oscope,  be  seen  at  auy  time  the  sun  was  shining.  Lockyer  had 
really  })rcclicte(l  this  discovery  in  18GG.  This  opened  np  a  new 
field  in  solar  i-esearch,  for  it  was  soon  found  that  the  form  of  the 
solar  prominences  could  be  built  up  from  varying  lengths  of  the 
spectrum  lines.  On  the  loth  of  February,  1869,  Dr.  Huggins,  of 
London,  saw  and  sketched  the  first  prominence  in  bright  sunlight. 


~—:Ti:SXJSJX  = 


Fig.  13. — Private  Observatory,  Cleveland,  O. 


Lockyer,  in  England,  and  Zollner,  in  Germany,  by  an  improve- 
ment in  Huggins'  method  made  it  so  easy  to  observe  solar  promi- 
nences with  the  spectroscope,  that  maps  are  now  daily  made  of 
the  sun's  atmosphere. 

The  spectroscope  was  soon  found  to  be  invaluable  for  the  study 
of  the  various  types  of  stars,  for  observations  of  new  or  tempo- 
rary stars,  for  determining  the  motion  of  stars  and  nebula)  in  the 
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line  of  si-lit,  aiul  for  a  critical  study  of  tlio  sun's  rotation  periocl. 
In  tlie  hands  of  Kcelcr  it  has  solved  the  mystery  of  Saturn  s 
riiias  Hale  and  Deslandres  liavc  photographed  the  solar  facul.no 
and  flames  and  astronomers  all  over  the  world  are  now  working 
on  problems  intimatelv  associated  with  the  physical  constitution 
of  the  heavenly  bodies,  that  must  sooner  or  later  give  up  their 
secrets  to  this  all-powerful  instrument. 

So  it  is  clear  that  the  instrument  which  began  its  course  as  a 
military  spv-glass,  and  which  to-day  regulates  our  clocks  and 
schedules  the  running  of  our  raih'oad  trains,  is  the  same  telescope 
of  which  it  is  written,  in  the  glorious  records  of  history,  that  it 
spanned  infinities  of  space,  wrought  a  revolution  in  human  think- 
ing, and  called  a  new  universe  into  being. 

\Note  hy  the  PuMication  Gomvuttee—This  paper  was  presented  at  an  evening 
se  ^oLf  the  Society,  and  was  copiously  illustrated  by  wisely  selected  v.ews 
tlXn  on  the  screen  by  a  projective  lantern.  The  illustrations  of  the  printed 
paper  are  from  reproductions  of  a  few  of  tliese  views.] 

DISCUSSION. 
OPTICAL     GLASS. 

3f7'  Jno  A.  Brashcar.—k  few  weeks  ago  our  President  asked 
me  to'writesomcy  notes  on  the  evolution  of  the  manufacture  of 
optical  glass  as  a  supplement  to  his  paper  on  the  "  Evolution  o 
the  Telescope,"  the  two  subjects  being  so  intimately  associated 
that  it  mi-ht  be  of  interest  to  the  Society  to  have  some  informa- 
tion upon^this  phase  of  the  subject.  I  have  endeavored  to  carry 
out  his  wishes  in  this  paper.  .        .     ,    i        •      -. 

It  is  difficult  indeed  to  trace  the  history  of  optical  glass  in  its 
e-irlier    development.       I   have   studied    almost    every    available 
authority   on    the    subject,   and   have    concluded   that    no    great 
weight  can  be  placed  upon  many  of  the  earlier  stories  told  us 
Alollineux,  in  his   Dhptrica   Nova,  written  in  1690,  says,      tha 
ihe  ancients  had  no  knowledge  of  optical  glasses  is  mos   eviden 
from  their  universal  silence  in  this  matter;  their  most  learned 
and  inquisitive  philosophers  making  no  mention  or  at  least  hint 
thereof  in  their   writings,  and  doubtless  a   contrivance  o     such 
universal  use,  beneficial  to  all  old  men,  both  in  readmg  and  wri  - 
ing,  could  not  have  been  so  concealed  as  that  the  least  footsteps 
thereof  should  remain  to  posterity.     The  only  relief  they  had  foi 
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their  decayed  siglits  were  certain  colyria,  or  eye  salves,  and  when 
tliey  failed  them  they  were  left  alone  in  the  dark  for  minute  and 
close  objects."  Pauciollus,  in  his  llehiis  Invenlio,  quotes  this 
passage  from  Plautus'  Cedo  Yitrium,  "necesse  est  conspicilHs 
uti "  (literally,  something  to  see  with),  which,  he  says,  cannot 
possibly  mean  anything  else  but  the  glasses  in  all  spectacles  ;  but 
Mollineux  plainly  states  that  such  a  passage  is  not  to  be  found 
in  Plautus. 

In  an  Italian  work  published  but  five  3'ears  before  the  remark- 
able work  to  which  I  have  referred  (Mollineux),  there  is  a  state- 
ment that  spectacles  were  invented  about  the  year  1150,  but  this 
date  is  probably  too  early.  It  is,  however,  quite  certain  that  the 
date  of  the  discovery  of  lenses,  as  applied  to  spectacles,  is  some- 
where between  1280  and  1311. 

In  a  manuscript  written  in  1299,  preserved  in  an  Italian  library, 
there  is  a  sentence  which,  translated  into  English,  reads  thus : 
"I  find  myself  so  pressed  by  age  that  I  can  neither  read  nor 
write  without  those  glasses  they  call  spectacles,  lately  invented ; 
to  the  great  advantage  of  poor  old  men  when  their  sight  grows 
weak." 

Friar  Jordan,  in  a  book  of  sermons  printed  in  1305,  tells  his 
audience  that  "  it  is  not  twenty  years  since  the  art  of  making 
spectacles  was  found  out,  and  is  indeed  one  of  the  best  and  most 
necessary  inventions  in  the  world." 

From  this  and  much  other  data  it  is  quite  certain  that  specta- 
cles were  known  in  the  latter  part  of  the  thirteenth  century. 

Mollineux  says  that  "  there  is  no  positive  knowledge  of  who 
was  the  happy  man  that  first  hit  upon  this  lucky  thought.  'Tis 
true,  indeed,  if  we  credit  the  forementioned  chronicle  of  the 
convent  at  Pisa,  Friar  Spina  makes  as  fair  a  challenge  to  the  in- 
vention as  the  first  author  who  refused  to  communicate  it.  But 
I  am  apt  to  believe  that  whoever  this  close  man  was  that 
would  not  impart  to  Spina,  he  was  a  friar,  and  that  these  monk- 
ish men,  and  Jordan  among  the  rest,  had  this  invention  whis- 
pered among  themselves  before  it  was  public,  and  that  they  all 
had  the  first  hint  from  our  countryman,  Friar  Ptoger  Bacon." 

After  a  great  deal  of  research  I  have  failed  to  find  any  satisfac- 
tory data  as  to  the  character  of  the  glass  used  in  making  spectacle 
lenses.  That  it  Avas  crown  glass  there  seems  little  doubt,  for  the 
reason  that  all  flint  glass  made  during  this  period  was  very  im- 
pure ;  indeed,  up  to  the  beginning  of  the  present  century  no  flint 
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glass  had  been  produced  which  was  of  auy  value  for  optical  pur- 
poses. 

It  is  entirely  foreign  to  the  purpose  of  this  paper  to  trace  the 
history  of  glass-making,  outside  of  its  association  with  the  devel- 
opment of  optical  instruments,  interesting  as  this  part  of  the 
subject  may  be  ;  but  when  we  consider  that  the  manufacture  of 
glass  extends  far  back  into  the  past,  perhaps  forty  centuries,  it  is 
rather  surprising  that  we  have  so  little  information  as  to  the  kind 
of  glass  used  in  the  manufacture  of  spectacle  and  other  forms  of 
lenses,  such  as  those  used  in  the  earlier  telescopes.  It  is  quite 
certain  that  window  glass  was  made  in  the  thirteenth  century, 
and  mirror  glass  was  made  in  Venice  as  early  as  1317,  but  glass 
mirrors  did  not  displace  steel  mirrors,  as  they  were  made  up  to 
the  sixteenth  century,  when  the  art  of  silvering  mirrors  was  per- 
fected, although  processes  of  silvering  had  been  known  for  four 
hundred  years. 

As  the  making  of  window  and  mirror  glass  was  contemporane- 
ous with  the  invention  of  spectacles,  there  remains  little  doubt  in 
my  mind  that  the  crown  glass,  from  which  lenses  were  made,  was 
selected  from  the  window  or  mirror  glass  used  at  that  time,  and 
this  same  method  of  obtaining  glass  for  spectacles  and  other 
lenses  must  have  been  followed  for  more  than  three  centuries. 

Through  the  courtesy  of  Admiral  Mouchez,  Director  of  the 
Paris  Observatory,  I  was  permitted,  in  1S92,  to  examine  some  of 
the  largest  objectives  made  by  Divini,  of  Rome,  and  Campani,  of 
Bologna,  about  the  middle  of  the  seventeenth  century,  one  of  which 
was  6  inches  diameter.  I  am  quite  sure  that  the  material  out 
of  which  these  lenses  were  constructed  is  similar  to  the  mirror 
glass  manufactured  at  the  time  they  were  made.  If  my  memory 
serves  me  right,  the  6-inch  lens  was  not  over  ^  of  an  inch  in 
thickness.  I  well  remember  examining  the  object  glass  used  by 
Cassini,  with  which  he  discovered  the  doiible  ring  of  Saturn.  It 
was  about  4i-  inches  in  diameter,  and  not  over  ^\.-  thick  at  the  edge, 
and  as  the  radius  of  curvature  was,  I  should  say,  not  less  than  40 
feet,  the  lens  was  very  little  thicker  in  the  centre  than  at  the 
edge.  Owing  to  the  many  little  scratches'  on  the  surface  of  this 
historic  glass,  I  was  not  able  to  determine  the  character  of  the 
material  in  it,  but  it  must  have  been  of  fairly  good  quahty,  or 
Cassini  could  not  have  made  such  discoveries  with  it. 

A  new  era  in  telescope-making  dawned  upon  the  Avorld  when 
Dollond  made  his  wonderful  discovery  of  correcting  the  chromatic 
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aberration  of  the  object  glass,  mention  of  which  has  been  made 
in  the  atldress  of  our  President. 

But  DoUond's  discovery  required  the  use  of  both  crown  and 
flint  ghass.  Crown  ghiss  of  iairlj  good  size  could  be  procured  by 
a  careful  selection  of  the  best  grades  of  plate  glass,  but  flint  glass 
of  sufficient  purity  could  not  be  obtained  for  objectives  of  more 
than  three  to  three  and  a  half  inches  diameter,  and  then  only  by 
chance  could  pieces  be  found  by  searching  through  a  large  mass  of 
material  at  the  glass  works.  So  serious  did  the  problem  become 
that  the  Academy  of  Sciences  at  Paris  offered  a  prize  to  the  suc- 
cessful maker  of  flint  glass  for  optical  purposes.  Macquer,  a 
celebrated  chemist;  Eons,  of  the  great  St.  Gobain  glass  works; 
Albert,  of  the  Laugress  glass  factor}^  all  tried  to  solve  the  problem, 
but  failed  completely,  and  it  is  stated  by  Bontemps,  one  of  the 
best  authorities  on  the  manufacture  of  glass,  that  out  of  a  hun- 
dred pounds  of  the  best  flint  glass  any  of  the  makers  could  pro- 
duce, they  were  often  unable  to  get  the  material  for  an  objective 
of  3  inches  diameter,  and  at  this  period — about  1811 — a  piece  of 
good  flint  glass  SJ  inches  diameter,  free  from  imperfections,  was 
considered  of  great  value. 

In  an  old  and  very  rare  book  by  Dr.  Kitchiner,  I  find  the  fol- 
lowing note  :  "  I  am  informed  by  the  Messrs.  Dollonds  that  be- 
tween the  years  1760  and  1765  they  met  with  a  pot  of  uncom- 
monly fine  flint  glass  :  Crown  glass  was  also  then  to  be  had  of 
much  superior  quality  than  the}^  had  been  able  to  procure  since 
the  cessation  of  the  glass  house  of  Ratcliffe — however,  they  found 
that  they  could  not  even  then  with  these  confessedly  superior 
materials  produce  an  object  glass  of  larger  aperture  than  3J 
inches.  Such  was  the  case  then  w^hen  it  was  much  more  plentiful 
than  it  is  now."  This  note  written  in  1818  shows  that  it  was  a 
mere  chance  melting  of  glass  which  gave  the  Dollonds  their  oppor- 
tunity to  make  lenses  of  so  large  an  aperture  as  3j  inches. 

When  Peter  Dolloud  made  a  triple  lens  object  glass  of  3f  inches 
aperture  for  Dr.  Kitchiner,  so  great  was  his  interest  in  it  that  he 
remarked  to  Kitchiner,  "Yes,  that  object  glass  is  one  of  the 
things  that  is  to  make  me  immortal." 

Bontemps  is  authority  for  the  statement  that  M.  D'Artigues, 
one  of  the  best  makers  of  crystal  glass  in  France,  gave  his  un- 
divided attention  to  the  production  of  optical  flint  glass,  but 
after  many  trials  succeeded  only  in  producing,  probably  by  mere 
chance,  a  few  pieces,  one  of  which  was  good  enough  to  make  a 
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lens  of  4  inches  diameter.  An  objective  was  made  from  this 
large  (?)  piece  of  glass  bj  M.  Cauchoix  and  presented  to  the  class 
of  physical  and  mathematical  sciences  at  the  Institute  of  France 
b}*  M.  D'Artigues. 

M.  Biot  made  a  report  of  ]\I.  D'Artigues'  method,  which,  while 
it  gave  in  detail  the  various  steps  of  the  process,  proved  very  un- 
satist'actorv,  for,  summing  it  up,  Bontemps  puts  it  thus  :  '•  Make  a 
pot  of  good  flint  glass  with  all  possible  care  by  M.  D'Artigues' 
method  and  you  will  find  in  it  some  glass  for  optical  purposes." 

In  Biot's  report  he  made  mention  of  the  fact  that  "  there  was 
still  fine  striae  left  in  the  glass  made  by  M.  D'Artigues, — that 
there  was  not  enough  to  do  any  harm, — but  which  he  would  ask 
him  to  remove  if  possible  in  order  to  obtain  the  best  objectives." 

But  the  time  had  come  when,  \vith  the  want,  came  a  man  to 
supply  it ;  and,  like  many  of  the  most  valuable  inventions  which 
have  opened  new  eras  in  the  world's  history,  this  one  came  from 
where  it  was  little  expected.  Pierre  Guinand,  a  watchmaker  of 
Brenets,  near  Xeuchatel,  in  Switzerland,  had  learned  of  the  diffi- 
culty of  making  flint  glass,  and,  although  he  had  no  knowledge  of 
the  processes  employed,  ignorant  in  a  great  measure  of  the  laws 
of  phj'sics  and  chemistry,  he  attacked  the  problem  in  a  variety  of 
ways,  each  time  gaining  knowledge  which  was  invaluable  to  him. 
He  seemed  to  be  endowed  with  the  spirit  of  research,  coupled 
with  gi'eat  perseverance  and  patience,  and,  althougli  he  worked 
3'ears  without  results,  success  finally  came  to  him. 

There  are  two  serious  difficulties  in  making  flint  glass  ;  one  is 
that  of  a  tendency  of  the  oxide  of  lead — which  is  one  of  the 
important  constituents  of  this  glass — to  fall  to  the  bottom  of  the 
pot  or  crucible  when  it  is  in  a  state  of  fusion.  This  tendency  of 
the  lead  oxide  to  sink  produces  unequal  density  in  the  various 
horizontal  layers  of  the  glass,  which  in  itself  would  not  be  so 
important  if  it  were  possible  to  cut  truly  horizontal  sections  from 
the  cooled  mass  ;  but  this  is,  in  the  very  nature  of  the  case,  an 
impossibility,  for,  in  cooling,  the  glass  breaks  up  into  more  or  less 
irregular  shapes,  and  from  these  joieces  must  be  selected  the 
material  for  lenses. 

Another  and  most  serious  difficulty  is  to  get  rid  of  striae  or 
cords  in  the  glass,  which  requires  a  very  perfect  mixture  of  the 
fluid  mass,  but  which  is  rarely  ever  attained. 

Gruinand's  process  is  essentially  as  follows :  A  single  pot  or 
crucible,  made  of  very  pure  clay,  with  an  opening  in  the  side  near 
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Uie  top,  is  placed  in  a  furnace  especially  arranged  so  tliat  the  heat 
can  be  applied  all  around  it  and  as  equally  as  possible.  The 
material  for  the  glass  is  placed  in  the  pot  or  crucible  in  two  or 
three  charges,  separated  by  an  interval  sufficient  to  allow  the  pre- 
vious charge  to  settle.  The  material,  or  batch,  as  it  is  technically 
called,  is  now  thoroughly  melted,  requiring  about  thirty  hours  for 
])erfect  fusion,  a  very  hii;h  temperature  being  required.  Tests  are 
taken  from  the  melted  material  from  time  to  time  until  the  test 
pieces  show  not  oul}^  perfect  fusion,  but  the  greatest  possible  free- 
dom from  air  bubbles.  At  this  stage  of  the  process  Guinand's 
invention  is  brought  into  requisition ;  namely,  a  thorough  stirring 
of  the  fluid  mass.  For  this  purpose  a  stirrer,  made  of  the  purest 
clay,  is  introduced  into  the  pot,  having  been  previously  brought 
to  quite  a  high  temperature  so  as  not  to  chill  the  glass.  This 
stirrer,  called  a  "  Guinand,"  is  so  made  that  an  iron  handle  can 
be  secured  inside  of  the  upper  end  of  it,  the  long  handle  of  the 
iron  part  being  carried  in  a  sheave  on  the  side  of  the  furnace  so 
as  to  carry  its  weight. 

The  process  of  stirring  is  now  commenced,  and  is  a  most  labori- 
ous task,  not  only  on  account  of  the  character  of  the  work,  but  of 
the  excessive  temperature  which  must  be  endured  by  the  workmen. 

Two  men  are  required  to  do  this  work,  as  it  must  be  kept  up  for 
about  three  hours,  or  until  the  mass  has  become  so  stiff  that  the 
stirrer  can  no  longer  be  moved  by  the  operators.  M.  Feil  told 
the  writer  some  years  ago  that  this  process  of  stirring  is  most 
exhausting  in  its  nature,  and  that  few  men  can  stand  it.  The 
temperature  is  allowed  to  fall  during  this  and  subsequent  stir- 
rings, so  that  the  metal  may  approach  so  nearly  to  the  solid  state 
that  the  metallic  oxides  Avill  not  sink.  For  the  commoner  grades 
of  optical  flint  glass  one  stirring  is  usually  considered  sufficient, 
but  for  the  best  grades  the  temperature  is  raised  after  the  first 
stirring,  and  a  second  and  sometimes  a  third  stirring  are  found 
necessary  to  work  all  the  remaining  air  bubbles  to  the  top,  as  well 
as  to  mix  up  the  mass  so  thoi-oughly  that  it  will  be  of  as  nearly  as 
possible  the  same  density  from  top  to  bottom.  So  difficult  is  it 
to  move  the  stirrer  toward  the  end  of  the  process  that  the 
"  Guinand,"  or  clay  stirrer,  cannot  be  moved  around  the  pot  in 
less  than  six  to  seven  seconds.  No  doubt  mechanical  methods 
could  be  devised  for  this  part  of  the  work.  The  iron  handles  of 
the  stirrer  must  be  frequently  changed  on  account  of  becoming 
so  hot  as  to  form  scales  of  gray  oxide,  which,  if  they  should  fall 
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into  the  glass,  would  ruin  it  for  optical  purposes.  One  of  the 
great  clitticulties  the  optical  glass  maker  has  to  contend  Avith  is 
the  presence  of  iron  in  the  clay  from  which  the  pots  or  crucibles 
are  made. 

After  the  final  stirriog  has  been  completed,  double  covers  are 
placed  over  tlie  mouth  of  the  pot  and  carefully  luted  with  cla3\ 
Ever}'  avenue  for  the  ingress  or  egress  of  air  in  the  furnace  is 
carefully  sealed,  and  the  furnace,  ])ot,  and  glass  allowed  to  cool 
during  a  period  of  six  to  ten  days,  according  to  the  weight  of  the 
melted  mass  and  size  of  the  furnace. 

The  front  of  the  furnace  is  now  taken  down  and  the  crucible 
drawn  out  in  order  to  get  at  its  contents.  The  pot  is  usually 
found  pretty  well  shattered,  and  is  broken  away  from  the  now 
solidified  and  cooled  mass  within  it.  The  glass  is  also  found 
broken  into  irregular  ]um])S  of  greater  or  less  size,  but  all  are 
carefully  examined  and  set  aside  for  use  according  to  their  value. 

Just  here  comes  in  the  second  process,  discovered  by  Guinand, 
a  process  invaluable  in  the  art  of  optical  glass  makiug,  and  which 
is  used  to-day  almost  exactly  as  it  was  in  the  days  of  its  illustrious 
discoverer  or  inventoi-. 

Let  us  suppose  a  lump  of  this  glass  is  selected  which  has  weight 
enough  to  make  a  disk  twelve  inches  diameter.  It  is  first  ground 
and  polished  in  places  which  will  allow  of  a  careful  inspection  of  the 
interior  of  the  mass.  It  is  rare  that  a  lump  of  such  size  is  free 
from  imperfections,  some  of  which  may  be  in  the  very  centre  of 
the  piece  chosen.  A  careful  diagnosis  having  been  made,  the 
inpurities  are  ground  or  cut  out  by  various  methods,  and  after  all 
defects  which  can  be  reached  have  been  eliminated,  the  lump  is 
ready  for  the  third  stage,  namely,  that  of  softening  it  down  to  a 
disk  of  .the  proper  diameter  and  thickness. 

In  this  work  the  most  scrupulous  care  is  necessary,  for  if  the 
luniji  be  as  pure  as  crystal  quartz  and  does  not  go  through  this 
third  stage  as  it  should,  it  will  be  useless  for  the  purpose  of 
making  a  fine  object  glass. 

A  special  furnace  is  constructed  which  is  called  the  "  annealing 
oven,"  in  the  centre  of  Avliich  a  mould  is  placed  of  the  size  neces- 
sary to  make  the  required  disk.  This  mould  is  of  clay,  which  for 
disks  of  large  size  is  so  made  that  the  ring  which  forms  the  thick- 
ness is  separated  from  the  flat  bottom.  The  ring  is  also  made  in 
two  pieces  and  secured  by  a  wire  wrapped  around  a  groove  on 
the  outside,  so  that  the  annealed  disk  may  be  easily  taken  from 
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the  mould  vvlien  it  becomes  cold.  To  ]n'evcnt  the  disk  from  stick- 
ing to  auj  part  of  the  mould,  it  is  first  paiuted  over  with  mucilage 
and  then  dusted  with  pulverized  chalk. 

The  lump  of  glass  is  now  laid  iu  the  mould,  and  a  cover  of  clay 
is  placed  over  it  and  the  glass  so  that  no  flame  can  strike  it 
directly.  The  temperature  must  be  raised  very  slowly,  so  that  the 
lump  of  glass  will  not  crack,  for  if  once  cracked  it  is  ruined.  It 
may  be  of  interest  to  know  that  a  lump  of  glass  may  be  sawed  or 
cut  almost  in  twain  and,  if  placed  rightly  in  the  mould,  make  a 
perfect  disk,  as  when  softened  by  heat  the  part  which  has  the  cut 
in  it  will  slowly  float  to  the  top,  solid  glass  taking  its  place  ;  but  if 
the  cut  exteuds  through  the  lump,  it  coalesces  without  rising, 
making  the  disk  useless.  The  temperature  of  the  annealing  oven 
need  never  be  any  greater  than  the  meltiug  point  of  glass,  which 
of  course  varies  with  the  different  kinds  of  flint  and  crown.  The 
muffle,  or  cover,  which  is  placed  over  the  mould  is  so  made  that  it 
may  be  removed  at  any  time  by  an  iron  fork,  through  a  small 
opening  in  the  furnace,  so  as  to  examine  the  glass. 

It  is  necessary  that  the  temperature  should  be  kept  quite  con- 
stant until  the  glass  has  become  evenly  heated  throughout,  and 
until  all  depressions  have  arisen  to  a  common  level.  It  is  almost 
imperative  that  the  sides  of  the  annealing  oven  should  be  so  con- 
structed in  relation  to  the  mould  that  the  cooling  shall  be  sym- 
metrical, else  the  disk  will  be  certain  to  show  the  effect  of  irregu- 
larity of  cooling.  It  has  been  found  that  in  annealing  glass  the 
temperature  may  be  brought  down  rapidlj^  without  any  danger, 
until  it  reaches  a  certain  critical  point,  which  I  believe  has  not 
been  accurately  determined,  but  which,  from  some  experimental 
data,  I  am  inclined  to  think  is  not  far  from  the  point  of  incan- 
descence, about  997  degrees  Fahrenheit,  or  523  centigrade. 

Before  this  critical  point  is  reached  the  annealing-  furnace  must 
be  rigorously  closed  to  all  intrusion  of  air,  and  as  for  large  disks 
the  furnaces  are  quite  massive,  the  process  of  cooling  goes  on 
very  slowly,  allowing  the  molecules  of  the  glass  to  find  their 
normal  positions,  or,  as  it  has  been  very  prettily  stated,  "  to  lie 
kindly  in  their  relations  with  one  another."  The  cooling  process 
is  necessarily  very  slow,  and  for  large  disks  requires  from  ten  to 
twenty  days.  Smaller  disks  and  plates  require  less  time.  For 
forming  and  annealing  small  disks  and  plates,  the  inner  edges  of 
the  moulds  are  bevelled  to  allow  the  annealed  glass  to  drop  out 
readily  after  it  has  become  cold. 
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After  the  first  annealing  the  disk  is  ground  and  polished  on  the 
faces,  again  examined  for  imperfections  and  the  quality  of  the 
annealing.  If  imperfections  such  as  striae,  cords,  or  stones  are 
found  in  the  glass  they  must  be  ground  out  and  the  disk  must 
again  go  through  the  same  process.  A  second  or  third  auuealiug 
is  fraught  with  new  dangers,  the  principal  one  of  which  is  that  of 
devitrification,  i.e.,  changing  of  the  glass  from  the  transparent  to 
the  translucent  or  opaque  condition,  thus  making  it  useless  for 
any  purpose  whatever.  The  writer  has  seen  a  beautiful  thirty- 
inch  tlisk  ruined  in  this  way,  but,  fortunately,  devitrification  rarely 
happens  Avitli  the  careful  workman. 

These  processes  as  worked  out  by  Guinand  are  practically  the 
same  as  those  used  to-day.  Some  improvements  have  been  made 
by  Feil  and  Mantois  of  Paris,  who  have  made  tlie  magnificent 
disks  of  all  the  larger  objectives  made  in  recent  years.  Dr.  Schott 
<fe  Co.  of  Jena  have  also  added  some  features  to  the  annealing 
process,  which  have  yielded  splendid  results  so  far  as  freedom 
from  molecular  strain  is  concerned.  Since  the  days  of  Pierre 
Guinand  many  new  kinds  of  glass  have  been  discovered  and 
made  by  the  French  and  German  glass  makers,  some  of  which 
have  proven  to  be  of  the  highest  value  to  the  optician.  To  Dr. 
Schott,  Dr.  Abbe,  and  Dr.  Zeiss  in  Germany,  M.  Feil  and  Mantois 
in  France  we  owe  a  debt  of  gratitude  for  their  invaluable  services 
in  this  important  work. 

But  our  disk  has  not  yet  passed  through  the  entire  gauntlet 
which  it  must  run  before  being  pronounced  fit  for  a  great  objective. 
All  disks  are  sent  to  the  optician  with  a  guarantee  of  their  perfec- 
tion. This  "  doubting  Thomas  "  now  repolishes  the  surfaces  and 
with  his  polaiiscope  examines  the  glass  for  strain.  If  the  annealing 
has  not  been  regular,  the  tell-tale  polariscope  has  no  mercy,  but 
picks  out  the  defects  with  unerring  certainty.  Should  it  pass 
this  ordeal,  it  must  then  be  subject  to  a  careful  study  for  striae 
and  unequal  density.  To  locate  striae,  if  they  exist,  a  beam  of  light 
is  concentrated  by  a  lens  on  the  various  portions  of  the  disk,  every 
inch  of  which  is  carefully  studied  ;  the  keen  eye  of  the  observer 
rarely  failing  to  detect  any  stria3  or  cords  that  would  do  harm. 
Unequal  density  is  a  far  more  difficult  thing  to  detect,  and  unless 
it  is  of  a  pronounced  character  (something  unusual  in  the  present 
state  of  optical  glass  making),  it  cannot  be  detected  until  the 
objective  has  passed  the  stage  of  grinding  and  polishing. 

If  the  density  is  but  slightly  different  in  the  various  areas  of 
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the  glass,  it  may  be  corrected  by  a  system  of  local  retouches  well 
knowu  to  the  practical  optician ;  but  if  there  is  a  marked  difier- 
ence  in  the  density,  the  disk  must  be  condemned  and  returned  to 
the  manufacturer,  as  it  is  useless  to  undertake  to  make  a  good 
objective  from  it. 

Although  this  paper  has  grown  much  longer  than  intended,  I 
must  "  I'etrospect  "  in  order  to  make  the  history  complete. 

After  Guiuaud  had  practical]}^  perfected  his  discoveries,  he 
formed  a  partnership  with  M.  Utzschneider  of  Munich,  the  firm 
being  also  joined  by  the  celebrated  Fraunhofer.  They  estab- 
lished a  factory  at  Benedictburu,  where  many  disks  up  to  6  and 
7  inches  diameter  were  made.  At  this  factory  the  9-inch  disks  for 
the  Dorjjat  telescopes  were  also  successfully  cast,  which  at  that 
time  were  considered  marvels  of  skill  in  optical  glass  making. 

About  this  time  Guinand  sent  a  6-inch  flint  disk  to  Eugland, 
which  was  examined  by  a  committee  of  savants,  and  pronounced 
very  perfect.  Steps  were  taken  to  investigate  the  subject,  and 
Faraday  made  some  very  interesting  experiments  ;  but  with  the 
exception  of  producing  a  variety  of  flint  glass  of  very  great  den- 
sity, this  illustrious  man  did  not  add  very  much  to  our  knowledge 
of  optical  glass.  It  was  not  until  about  the  year  1848  that  opti- 
cal glass  was  made  in  England,  and  then  its  manufacture  was 
established  by  M.  Bontemps,  who  had  learned  the  secret  from  the 
son  of  Guinand. 

After  Guinand  had  left  Bavaria  and  returned  to  his  native 
m'ountains,  Utzschneider  and  Mertz  continued  the  work  at  the  old 
factory,  where  they  produced  the  disks  for  the  lo-incli  telescopes 
of  Pulkowa  and  Harvard  College  Observatories.  Guinand,  hav- 
ing returned  to  Switzerland,  started  a  factory  of  his  own.  After 
his  death  the  work  was  carried  on  by  his  widow  and  younger 
son,  who  were  in  turn  succeeded  by  M.  Daguet,  who  made  some 
excellent  glass  for  optical  purposes.  In  1827  M.  Bontemps,  hav- 
ing formed  a  partnership  with  the  elder  son  of  Guinand,  started 
a  factory  at  Choisy-le-Roi,  where,  in  1828,  he  produced  disks 
from  C  to  12  inches  diameter.  From  this  time  Bontemps  and 
Guinand  commenced  the  manufacture  of  optical  glass  as  a  set- 
tled business  ;  and  as  they  were  much  encouraged  by  the  scientific 
societies  of  France,  they  not  only  produced  flint  glass  of  the  finest 
quality,  but  excellent  crown  glass,  for  which  they  received  the  grand 
prize  in  1810. 

The   elder  Guinand   died  in   1823.     His  son,  the  associate  of 
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Boutemps,  died  ia  1851,  aud  was  succeeded  by  M.  Feil,  who  made 
the  disks  for  many  of  the  larger  telescopes  of  modern  times,  in- 
cluding those  for  the  great  Lick  objective.  At  the  death  of  M. 
Feil,  M.  Mantois  became  his  successor. 

U.  Mantois  has  had  most  wonderful  success  in  making  glass 
for  objectives  of  the  largest  size ;  for  not  only  did  he  successfully 
cast  the  42-inch  disks  for  the  Yerkes  telescope  objective,  but  has 
recently  succeeded  in  making  a  pair  of  45-inch  disks  for  the  great 
telescope  to  be  constructed  by  M.  Gautier  for  the  Paris  Exposi- 
tion of  1900. 

In  1881  Doctors  Schott  and  Abbe  made  a  critical  study  of  the 
cliemical  and  physical  principles  involved  in  the  manufacture  of 
optical  glass,  a  study  which  has  proven  invaluable  in  developing 
modern  optical  instruments.  It  was  a  wise  policy  which  prompted 
the  Prussian  Government  to  assist  these  scientific  investigators 
in  this  important  research  ;  indeed,  their  discoveries  have  been 
epoch-making  in  the  history  of  the  manufacture  of  optical  glass. 
In  1S85  a  factory  was  started  in  Jena  which  has  turned  out  a 
large  amount  of  splendid  material,  many  new  kinds  of  glass  hav- 
ing been  placed  within  the  reach  of  the  optician. 

In  the  year  1848  M.  Boutemps  was  induced  to  leave  France 
aud  commence  the  manufacture  of  optical  glass  with  Messrs. 
Chance,  in  Birmingham,  England.  Since  that  time  this  firm  has 
turned  out  many  large  and  fine  disks  for  objectives,  a  pair  having 
been  completed  in  1855,  measuring  29  inches  in  diameter. 

Attempts  have  been  made  to  manufacture  optical  glass  in  this 
country  with  quite  flattering  success.  The  first  experiments  were 
made  by  the  Lenox  (Mass.)  Glass  Manufacturing  Company  twenty 
years  ago,  but  so  far  as  the  writer  is  aware  they  never  turned  out 
any  good  glass.  Aboiit  four  years  ago  Messrs.  Macbeth  &  Co. 
established  an  optical  glass  factory  in  connection  with  their  large 
works  at  Elwood,  Ind.,  where  they  had  abundance  of  natural  gas 
for  fuel.  Mr.  Feil,  son  of  the  celebrated  French  optical  glass 
maker,  was  engaged  by  Mr.  Macbetli  to  superintend  the  work. 
After  many  costly  experiments  and  many  discouragements  this 
firm  succeeded  in  making  some  beautiful  glass  of  great  purity 
aud  remarkably  fine  quality  of  annealing.  The  12-incli  disk  for 
the  photographic  correcting  lens  of  the  Dudley  Observatory  was 
made  from  glass  furnished  by  this  firm,  and  a  large  number  of 
smaller  disks  have  also  been  worked  from  it  by  American  opti- 
cians, for  various  institutions  of  learning.     Mr.  Macbeth  Las  also 
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succeeded  iii  making  a  pair  of  crown  and  Hint  disks,  23  inches 
diameter,  of  very  great  excellence.  Surely  we  have  the  material, 
the  fuel,  and  the  skill  in  this  country  to  make  optical  glass  as  well 
as  the  finished  objectives  for  all  our  astronomical  instruments. 

Lengthy  as  this  paper  has  become,  I  confess  I  have  only 
skimmed  over  the  subject,  passing  by  much  which  might  be  of 
interest,  much  which  would  make  it  of  greater  value  as  a  paper  of 
reference ;  but  the  theme  in  itself  is  too  great  to  be  treated  as 
it  should  in  a  paper  like  this  ;  for  when  we  consider  that  it  is 
through  this  self-same  "optic  glass"  we  have  learned  the  marvel- 
lous "  story  of  the  universe,"  the  comjilete  story  is  certainly  worthy 
of  a  place  in  our  annals. 

"  Go  to  yon  tower,  where  busy  science  plies 
Her  vast  antennae,  feeling  tliro'  tlie  skies  ; 
Tliat  little  vernier,  on  whose  slender  lines 
The  midnight  taper  trembles  as  it  shines, 
A  silent  index,  tracks  the  planets'  march 
In  all  their  wanderings  thro'  the  ethereal  arch, 
Tells  through  the  mist  where  dazzled  Mercury  l)urus, 
And  marks  the  spot  where  Uranus  returns." 


A   CONVENIENT   FOltM    OF    WIUE-TESTING    MACHINE. 


DCCLl.* 


.1   CONVENIENT  FORM  OF   ^y IRE-TESTING  MACHINE 


KV    AUTin   K   I..    I-.H  K,    IIKOOKI-YN,    N.    V. 

(Jiiiiioi-  rilriul)cr  iif  tlic  Society.) 


The  use  o£  .a  small  and  incxpensivo  testing  nw.cliine  is  often 
desirable  f„r  the  purpose  o£  illustrating  the  action  of  «'«  ™™J 
metals  under  stress,  or  for  the  testing  ol  w.re  and  s„,a  1  spec  - 
mens  and  for  the  testing  of  small  cast-iron  samples  m  the  loun- 
drv  to  determine  the  quality  of  the  iron  used. 

A  description  of  such  a  machine  which  has  been  in  use  by  the 
writer  tor  the  past  year  may  be  interesting  to  tl>e  Society. 

To  be  available,  the  machine  must  be  convenient  to  l>a«dle  a  <! 
read,  must  have  sufficient  strength,  must  record  the  breaking 
load!  and  must  have  little  or  no  shock  at  breaking.  Above  all,  it 
mnst  he  clieai)  to  buikl.  .  ., 

The  resnlting  machine  is  shown  in  Fig.  U.  The  spring-ba  ance 
dial   and   hand  wheel   are    convenient   to  each  other,  and  the 
a  hine  is  mounted  at  such  a  height  from  the  floor  as  to  make 
1^  scale  easily  readable.     The  details  of  the  pulUng-gear  con 
struction  are  'shown  in  Fig.  1.^.      The  spring  ^^  -- j'^,^ 
recording   hand   seemed   the   most   convenient    and    •  ™il°''"« 
method  of  measuring  the  load;    to  avoid  the  -bound  oe 
balance,  an  air  dash-pot  was  introduced  and  has  -°A"^; 
factorily.     The  details  of  the  dash-pot  and  pulling  clamps  aie 
shown  in  Fig    16.     On  account  of  the  cup-shaped  washer       e 
leather  on  the  dash-pot  piston  can  be  made  so  loose  a  fit  th 
the  piston  will  drop  of  its   own    weight,  thus   eliminating   a 
erro    from  friction.     A  small  outlet  with  cover  is  provided  at 
;«  top  of  the  dash-pot,  so  that  the  amount  ol  the  cus^^ioning 
can  be  regulated  as  needed.     The  pulling  clamps  are  along  the 
lines  of  the  ordinary  designs  for  small  machines. 

For  bending  tests  a  yoke  is  arranged  as  shown  in  Fig^.^  an^ 
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Fig.  17. 


Fig.  14. 


Uliuk  7^2  ^am. 


Pulling  Gear  for  Testing  Machine. 
Pratt  Institute,  Brooklyn  December  ;i,  isuc. 

Fro.  15. 
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Fig.  16. 

the  lower  grip  head  is  changed  for  a  kuife  edge  ;  specimens  can 
be  tested  either  as  cantilevers,  by  clamping  one  end  fast  to  the 
beam  of  the  yoke,  or  with  a  support  at  each  end. 

The  machine  has  given  excellent  satisfaction,  is  convenient  to 
handle,  and  works  well  up  to  its  full  capacity,  200  pounds.  The 
cost  of  twelve  machines  complete  was  only  about  $380,  or  $31.75 
apiece. 
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A   BOILER   SETTING. 

G.   W.    BI-iSEI.L,   AMKS,    IOWA. 

(Mfiul)er  of  the  Society.) 

The  sketch  presented  herewith  (Fif^.  18)  shows  a  method  used 
by  the  writer  about  two  years  ago  for  supporting  a  horizontal 
return  tubular  boiler,  fifty-four  inches  in  diameter  by  sixteen 
feet  long. 

Two  pairs  of  lugs  of  special  design  are  attached  to  the  sides 
of  the  shell  above  the  fire,  and  at  a  distance,  to  centres,  of  three 
feet  six  inches  from  the  ends  of  the  shell.  These  lugs  rest  on 
hangers  of  one-inch  round  iron,  which  are  carried  by  nuts  on 
wrought-iron  saddles  cut  from  three-by-one-inch  flat  bar  iron. 
These  saddles  rest  on  I-beams.  At  the  front  end  of  the  boiler 
one  seven-inch  beam  is  used.  At  the  l)aek  end  the  saddles  are 
supported  by  an  eight-inch  equalizing  I-l)eam  five  feet  long, 
which  rests  on  a  one-inch  roller  whicli  lias  a  bearing  on  a  nine- 
inch  I-l)eam.  The  latter,  and  also  the  seven-inch  I-beam  at  the 
front  end,  rest  on  pairs  of  columns  for  Avhich  six-inch  channel 
beams  are  used.  Suitable  castings  serve  as  sole-jDlates  for  the 
I-beams  and  as  caps  for  the  columns. 

Oast-iron  plates  twelve-by-twelve  by  one  and  one-half  inches 
serve  as  foot  plates  for  the  columns. 

These  plates  are  set  perfectly  level  on  piers  of  brick-work 
about  two  feet  square,  built  independently  of  the  boiler  setting 
proper. 

Tie-rods  of  three-quarter-inch  round  iron  hold  the  columns  to 
place  at  the  top.  Longitudinal  stability  is  afforded  by  setting 
the  channels  into  the  brick-work  of  the  boiler  setting,  so  that  the 
flanges  do  not  project,  but  are  flush  with  the  wall. 

It  is  thought  that  the  following  advantages  are  possessed  by 
this  design  over  others  in  more  general  use  : 
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First.  Three-point  support  for  the  boiler,  by  which  it  is  freed 
from  strains  clue  to  settling  of  the  columns  or  setting. 


Fig.  18. 


Second.  Independence  of  the  boiler  and  the  setting,  prolong- 
ing thereby  the  life  of  the  setting  and  making  easy  the  laying 
up  of  the  new  and  the  repairing  of  the  old  brick-work. 
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DISCUSSION. 

}fr.  Orosco  C.  Woohon.—The  paper  read  by  Mr.  Bissell  lias 
intorcsted  me  in  several  particulars,  for  he  strikes  at  points 
which  1  have  regarded  for  many  years  as  essential  in  the  proper 
setting  of  horizontal  tubular  boilers.  I  cannot  agree  with  him, 
however,  in  his  method  of  construction,  and  will  take  occasion  at 
an  early  day  to  present  my  views  in  a  brief  paper  to  be  read 
before  the  Society — if  possible,  at  its  next  meeting. 
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-     A   SCREW  DIE  FOli    THE   TURRET  LATHE. 

BY  JAMES   HARTNESS,    SPRINGFIELD,    VT. 

(Member  of  the  Society.) 

The  object  of  this  paper  is  to  submit  for  the  consideration  of 
the  Society  a  description  of  a  screw-cutting  die,  possessing 
certain  novel  features,  and  to  mention  briefly  for  comparison 
some  of  the  other  means  now  employed  for  the  same  purpose. 

Since  design  and  dimension  seem  inseparable  in  machine 
construction,  only  the  means  employed  for  cutting  screw  threads 
within  the  capacity  of  the  die  will  be  considered,  namely,  from 
one -half  inch  to  one  and  one-quarter  inch  diameter,  and  j)itches 
not  coarser  than  seven  per  inch,  and  any  form  of  thread  except- 
ing that  one  of  the  so-called  square  thread. 

This  die  is  intended  for  turret-lathe  and  screw-machine  use, 
but  may  be  used  on  any  machine  in  which  the  work  is  rotated. 
The  general  features  will  be  seen  by  reference  to  the  drawings. 

The  die  head  proper  has  a  slight  lateral  and  angular  freedom 
of  movement  relative  to  its  holder,  the  object  being  to  compen- 
sate for  a  slight  change  in  alignment  in  the  lathe  or  machine  on 
which  the  die  is  used,  that  takes  place  when  the  torsional  strain 
of  working  takes  up  the  slack  of  the  sliding  parts. 

The  die  head  is  held  against  the  face  of  its  holder  by  a  spring 
pressure  in  order  to  present  it  to  the  woi^k  in  a  nominally  cor- 
rect position.  The  springs  allow  a  slight  forward  movement  of 
the  head,  permitting  the  angular  or  tipping  movement  of  the  die 
relative  to  the  holder,  and  also  providing  a  means  for  opening 
the  die  automatically  when  the  travel  of  the  holder  is  retarded. 

The  chasers  are  held  in  working  position  by  an  encircling  cam 
which  takes  bearing  directly  over  and  very  close  to  the  front  or 
working  teeth,  preventing  canting  of  the  chaser  under  working 
strains.  The  shape  and  dimensions  of  this  cam  make  it  unyield- 
ing in  its  control  of  the  diametrical  position  of  the  chaser.     At- 
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tention  is  called  to  the  .absence  of  the  usual  intermediate  mech- 
anism between  the  chaser  and  its  })rimo  controller  ;  also  to  the 
general  compactness,  which  is  an  essential  feature  in  a  turret- 
lathe  die. 

The  fnrm  of  the  chaser  teeth  plays  an  important  part  in  the 
free  cutting  and  accurate  leading  of  the  die.  Figs.  24  and  25 
show  the  difference  in  position  of  the  cutting  and  leading  teeth. 
This  difference  has  been  exaggerated  in  the  drawing  for  clear- 
ness of  illustration.  The  exact  difference  is  very  slight,  but 
may  be  made  any  desirable  degree  by  changing  the  2)roportion 
of  the  diameter  of  the  milling  cutter  to  the  diameter  and  lead  of 
the  work.  A  milling  cutter  of  two  and  one-half  inches  diameter 
has  been  used  for  all  chasers  from  three-eighths  to  one  and 
one-quarter  with  satisfactory  results. 

As  shown  by  the  drawing,  the  teeth  at  the  front  of  the  chaser 
have  a  cutting  clearance,  while  the  teeth  at  the  back  of  the 
chaser  have  no  clearance,  but,  instead,  ride  on  the  thread  and 
control  the  lead.  This  gives  the  cutting  teeth  an  ideal  cutting 
clearance  on  each  side  of  each  tooth  and  relieves  these  teeth  of 
the  labor  of  feeding  to  the  die  forward. 

So  accurate  is  the  lead- controlling  feature  that  regular  dies 
for  market  seldom  have  an  error  in  lead  greater  than  one  sixty- 
fourth  in  eighteen  inches,  which  is  less  than  one  quarter  the 
average  error  in  standard  taps,  and  less  than  one-half  the  error 
in  ninetv  per  cent,  of  the  engine  lathes.  Thus  it  is  more  accu- 
rate than  the  average  lead  screw  and  always  practically  sure, 
being  made  by  methods  insuring  invariable  accuracy  of  product 
and  most  perfect  interchangeability. 

The  chasers  are  milled  separately  in  special  milling  machines 
using  milling  cutters  of  large  diameter,  having  teeth  arranged 
around  in  circles  instead  of  in  the  path  of  a  screw-thread. 
These  milling  cutters  are  given  an  ideal  cutting  clearance  in 
backing-off  lathes,  and  after  hardening  are  ground  to  a  cutting 
edge  suitable  for  taking  a  clean  chip,  so  that  the  teeth  of  the 
chaser  can  be  formed  without  that  rubbing  or  burnishing  which 
always  accompanies  the  bobbing  or  tapping  of  the  other  dies 
or  chaser,  for  it  is  practically  impossible  to  maintain  a  free  cut- 
ting edge  on  either  hob  or  tap  of  small  diameter.  The  impor- 
tance of  this  fact  is  that  the  hardening  process  does  not  distort 
the  surface  of  this  die,  while  it  greatly  changes  the  lead  of 
tapped  chasers  or  dies,  because  a  compressed  or  burnished  sur- 
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face  is  quick  to  ussuiue  a  more  natural  position  as  soon  as  it  is 
heated. 

All  tapped  or  liobbed  dies  have  practically  four  errors. 
First,  the  lead  screw  error  of  the  engine  lathe  in  whicli  the  tap 
or  hob  is  made.  Second,  the  error  of  hardening  the  tap  or  hob. 
Third  and  fourth,  the  double  error  of  changing  form  of  the  die 
in  hardening  it,  due  to  releasing  the  compressed  metal,  and  the 
usual  hardening  change  that  takes  place  at  the  same  time. 

By  the  use  of  the  present  method,  all  errors  existing  in  the 
milling  cutter  are  corrected  in  the  milling  machine,  hence  the 
lead  is  only  affected  by  the  final  hardening  of  the  chaser,  which 
takes  place  under  such  favorable  conditions  that  it  j)roduces  no 
appreciable  effect.   . 

The  outcome  of  this  scheme  has  not  only  been  a  more  accu- 
rate production  of  the  screw-thread  but  it  has  also  made  it 
l^racticable  to  measure  a  screw-thread  by  a  reliable  means. 

All  that  has  been  said  of  the  impossibility  of  making  correct 
leading  dies  by  other  methods  is  equally  true  of  making  the 
so-called  thread  gauges,  consisting  of  a  piece  of  steel  tajiped 
and  hardened,  but  sometimes  furnished  with  a  means  intended 
for  adjustment  for  wear  but  in  reality  of  no  value,  for  it  is  im- 
jjossible  to  adjust  such  gauges  in  the  direction  of  their  wearing. 
A  more  deceptive  and  unsatisfactory  gauge  could  hardly  be 
devised.  Every  workman  knows  that  one  piece  of  work  may  fit 
a  gauge  of  this  kind  loosely  and  yet  not  enter  the  tapped  hole, 
and  another  piece  of  work  may  fit  it  closely  and  yet  rattle  in 
the  same  tapped  holes  owing  to  difference  in  lead  and  shape. 

The  three  dimensions  of  a  screw-thread,  its  shape,  lead,  and 
diameter,  should  be  measured  separately,  if  the  object  of  such 
measurement  is  to  detect  the  error  for  the  purpose  of  correct- 
ing it.  The  lead  can  be  measured  by  placing  an  accurate  scale 
on  a  screw-thread  of  from  three  to  eighteen  inches  in  length, 
according  to  accuracy  required.  The  shape  is  best  measured 
by  an  ordinary  template ;  after  the  lead  and  shape  are  known 
to  be  practically  correct,  the  diameter  may  be  obtained  by  a  flat- 
pointed  micrometer  gauge,  ring  or  snap  gauge,  at  the  top  of  the 
thread. 

In  practice,  the  place  and  time  to  correct  the  lead  and  shape 
is  in  the  die  when  it  is  made,  and  then  the  diameter  may  be 
readily  gauged  as  the  screws  are  made,  it  being  necessary  to 
occasionally  take  a  test  of  the  lead  as  the  die  becomes  worn. 
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A  STAY  BOLT  THREADIXG  DEVICE. 

BY  JAMES  HAUTXESS,  SPBINGFIELD,  VT. 

(Member  of  the  Society.) 

This  paper  describes  a  means  for  threading  stay  bolts  that  was 
mentioned  by  the  writer  in  the  discussion  of  a  paper  entitled 
"Experiments  in  Boiler  Bracing,"  presented  by  Mr.  Francis  J. 
Cole  at  the  last  meeting. 

*  The  scheme  may  be  briefly  and  perhaps  completely  described 
as  tandem  dies  for  simultaneously  threading  both  ends  of  a  stay 
bolt  to  insure  an  accurate  correspondence  in  lead ;  the  details  of 
which  ma}'  be  mentioned  as  a  means  for  accurately  adjusting  the 
relative  longitudinal  position  of  the  dies,  and  employment,  at  least 
for  the  forward  die,  of  some  type  of  opening  die  not  too  great  in 
length  and  not  too  inaccurate  in  lead,  and  possessing  good  di- 
ameter controlling  features. 

The  dra^dng  (Fig.  26j  shows  the  use  of  the  automatic  die 
described  in  a  paper  by  the  writer,  entitled  "A  Screw  Die  for 
the  Turret  Lathe." 

Both  dies  employed  should  be  of  the  opening  type,  but  the 
scheme  would  be  equally  as  accurate  if  a  solid  or  non-ojfening 
die  were  to  be  used  in  the  place  of  the  rear  die.  In  fact,  if  the 
time  consumed  in  operation  were  not  to  be  taken  into  considera- 
tion, the  front  die  could  be  non-opening  and  used  to  cut  both 
ends,  and  in  the  place  of  the  rear  die  a  nut  suitably  mounted 
could  be  used. 

The  plate  to  which  the  dies  are  afiixed  is  not  necessary  when 
the  scheme  is  used  in  the  flat  turret  lathe,  for  in  that  machine  the 
dies  may  be  attached  directly  to  the  turret  without  the  use  of  the 
plate. 

A  brief  consideration  of  the  other  methods  and  their  results 
may  assist  in  setting  forth  the  value  of  this  tandem  die. 

Stay  bolts  are  mostly  cut  by  dies  permitted  to  control  their  own 
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lead.  Occasionally,  however,  a  lead  screw  is  used  to  govern  tlie 
pilch  of  the  die.  The  process  of  making  the  dies  that  have  been 
used  for  stay  bolt  threading  is  unreliable,  as  shown  in  the  paper 
entitled,  "  A  Screw  Die  for  the  Turret  Lathe,"  and  the  lead  screw 
scheme  seldom  controls  the  lead  of  the  die  at  the  beginning  of 
its  cut  on  account  of  the  slackness  of  the  slides  and  intermediate 
connections,  hence  the  die   usually  has  a  chance  to  cut  a  very 


Fig.  26. 


incorrect  lead  before  the  lead  screw  has  taken  up  all  the  "slack" 
and  "  spring  "  of  intermediate  points. 

The  springing  of  the  intermediate  parts  is  mentioned  because 
a  die  that  has  become  a  trifle  dull  will  offer  great  resistance  to 
any  laeans  employed  to  vary  its  lead. 

The  excessive  clearance  of  a  cutting  die  as  led  by  lead  screws 
makes  the  accurate  maintenance  of  size  difficult,  and  also  gives  a 
die  the  tendency  to  cut  "  out  of  round." 
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MACHIXE  MOULDIXG  WITHOUT  STRIPPING  PLATES. 

BY   E.    H.    MUMFORD,   PLAINFIELD,   N.   J. 

(Member  of  the  Society.) 

Moulding  machines  may  be  classed  under  three  heads.  First, 
machines  which  only  ram  the  moulds,  and,  when  the  ramming  is 
done  by  me?ins  of  a  side  lever,  by  hand,  are  generally  called 
"  squeezers,"  Second,  machines  which  only  draw  the  patterns, 
the  ramming  being  accomplished  by  the  usual  hand  methods. 
Third,  machines  which  both  ram  the  moulds  and  draw  the  pat- 
terns, ramming  either  by  a  hand-pulled  lever  or  by  fluid  pres- 
sure on  piston  or  plunger,  and  drawing  the  patterns  through  a 
plate  called  a  "  stripping  plate  "  or  "  drop  plate  "—till  recently 
the  usual  method — or  without  the  use  of  this  plate  fitting  every- 
wliere  to  pattern  outline  at  the  parting  surface,  the  patterns 
being  effectively  machine  guided  in  either  case. 

It  is  to  the  third  class  that  the  machine  which  is  used  to 
illustrate  the  subject  of  this  paper  belongs,  and  which  would 
seem  to  have  enough  which  is  novel  in  the  application  of 
machinery  to  the  foundry  to  merit  the  attention  of  the  Society. 

At  the  risk  of  appearing  pedantic,  but  with  a  view  to  develop- 
ing an  appreciation  of  the  true  function  of  the  method  of  pattern- 
drawing  used  in  this  macliiue,  attention  is  called  to  the  follow- 
ing sectional  views  of  moulds  and  ways  of  drawing  j^at terns 
occurring  in  machine  moulding.  Fig.  27  shows  an  ordinary 
"  gate  "  of  fitting  patterns  being  drawn  from  the  drag  or  nowel 
part  of  the  mould  by  means  of  a  spike  and  rapper  wielded  by  the 
mouldei's  hand  after  cope  and  drag  have  been  rammed  together 
on  a  "  squeezer  "  and  the  cope  has  been  removed.  Frequentlj- 
the  pernicious  "  swab  "  is  used  to  soak  and  so  strengthen  joint 
outlines  of  the  sand  before  drawing  patterns,  in  such  cases  as 
this.  In  this  case,  before  the  cope  is  lifted,  these  patterns  must 
be  vigorously  rapped  through  the  cope  ;  an  amount  depending 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  tlie  Transactions. 
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(and  so  does  the  size  of  the  casting)  upon  the  mood  and  strength 
of  the  moukler. 

Fig.  28  shows  the  stripping  or  drop  plate  method  of  drawing 
patterns. 

In  this  method,  the  patterns  are  not  rapped  at  all  and  are 
drawn  in  a  practically  straight  line  so  that  the  mould  is  abso- 
lutely pattern  size. 

The  stripping  j^late  is  fitted  accurately  to  ever}'  outline  at 
the  joint  surface  of  the  patterns,  obviously  at  considerable 
expense,  and,  of  course,  at  the  instant  of  drawing  the  patterns, 
supports  the  joint  surface  of  the  mould  entirely.  This  is,  at  first 
sight,  an  ideal  method  of  drawing  patterns,  and  it  has  for  years 


Fig.  27. 


been  the  only  method  practised  on  machines.  It  has  two  dis- 
advantages. The  patterns  are  separated  from  the  stripping 
plate  by  the  necessary  joint  fissure  between  the  two.  Fine  sand 
continually  falls  into  this  and,  adhering  to  the  joint  surfaces 
more  or  less,  grinds  the  fissure  wider.  This  leads  to  a  gradual 
reduction  of  size  of  patterns  on  vertical  surfaces  and  a  widening 
of  the  joint  fissure  often  to  such  an  extent  that  wire  edges  are 
formed  on  the  mould,  causing,  on  fine  work,  "  crushing  "  and 
consequently  dirty  joints.  A  nicely  fitted  but  worn  plate  of 
twenty-four  pieces,  which  had  cost,  at  shop  exj^ense  only,  $250, 
was  recently  replaced  by  a  plate  of  twenty-eight  pieces,  fitted 
ready  for  the  machine  under  the  new  system  about  to  be 
described,  for  not  more  than  $25. 

The  stripjoing-plate  method  has  another  drawback,  not  always 
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appreciated,  probably  because  accepted  as  inevitable.  Stripping- 
plate  patterns  are  not  rapped,  and  there  frequently  occur  on 
surface  of  patterns,  remote  from  the  action  of  the  stripping 
plate,  rectangular  corners  just  as  important  to  mould  sharply  as 
those  at  the  parting  line.  Such  corners  have  cither  to  be  filleted 
or  "  stooled  "  in  stripj)ing-plate  work,  and  neither  method  often 
is  practicable.  Whsn  the  entire  pattern  and  plate  are  vibrated 
so  that  the  corners  where  the  pattern  joins  the  plate  draw  per- 
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Fig.  28. 

fectly,  as  they  do  in  the  machine  to  be  described,  it  is  obvious 
that  similar  corners  anywhere  on  pattern  surface  will  draw 
equally  well. 

The  vibrating  of  patterns,  or  rather  of  moulds,  during  the  oper- 
ation of  drawing  the  patterns  possesses  little  of  novelty.  Ever 
since  a  bench  moulder's  neighbor  first  rapped  the  bench  Avhile  he 
lifted  a  cope  or  drew  a  ^^attern,  the  thing  has  been  done  in  one 
way  or  another.  In  fact,  machines  are  now  and  then  found  on 
the  market  in  which  a  device  like  a  ratchet  or  other  mechanical 
means  for  jarring  the  machine  structure  during  pattern  draAving 
renders  the  working  of  easy  patterns  without  stripping  plates 
possible. 
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The  idea  of  ai)j)ljiiig  a  power-driven  vibrator  directly  to  the 
pLite  carrying  the  patterns,  to  tlius  vibrate  them  independently 
of  other  i)arts  of  the  machine  and  the  Hask  and  sand,  has  Ijcen 
the  subject  of  the  issue  of  patents  to  Mr.  Harris  Tabor,  and  the 
follo\vin<T  fif^ures  will  serve  to  illustrate  the  mechanism.  Figs.  29 
and  30  show  the  general  appearance  of  the  machine  from  the 
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Fig.  2'd. 


side  on  which  the  operator  stands.  Fig.  29  shows  the  machine 
ready  to  receive  the  flask,  the  patterns  being  up  ready  for  mould- 
ing. Fig.  30  shows  the  machine  after  patterns  have  been  drawn 
and  tlie  flask  lifted  off. 

Briefly,  the  operation  of  the  machine  is  as  follows  :  The  ram- 
ming bead  shown  thrown  back  at  the  top  of  the  machine  is  drawn 
into  a  vertical  position,  after  the  flask  has  been  placed  and  filled 
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with  sand.  The  3  way  cock  sliown  at  the  cxtromo  ri^ht  is  then 
quickly  opened,  admitting  compressed  air  of  70  to  80  pounds 
pressure  to  the  inverted  cylinder  shown  at  the  centre  of  the 
c-ut  The  cylinder  with  the  entire  upper  portion  of  the  ma- 
chine is  thus  driven  forcihlv  up  against  the  ramming  head, 
flask,  sand,  and  all.     Often  a  single  blow  suffices  to  ram  the 


Fig.  ;30. 

mould— often  the  blow  is  quickly  repeated,  according  to  the  de- 
mands of  the  particular  mould  in  hand.  Gravity  returns  the 
machine  to  its  original  position,  as  the  3-way  cock  opens  to 
exhaust.  After  pushing  the  ramming  head  hack  and  cutting  the 
sprue,  if  the  half  mould  is  a  cope,  the  operator  seizes  the  lever 
shown  just  inside  the  3-way  cock  at  the  right,  and,  drawing  it  lor- 
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■ward  and  down,  raises  tlie  outer  frame  of  the  top  of  the  machine, 
containing  the  Hask  i)ins,  with  Hask  and  sand  thereon,  away 
from  the  patterns— thus  drawing  them  from  the  sand.  Just  as 
he  seizes  the  pattern-drawing  lever  with  his  right  liand,  he 
presses  with  his  left  on  the  head  of  a  compression  yalve  shown 


Fig.  31. 

at  the  left  side  of  the  top  of  the  machine,  thus  admitting  air  to 
the  pneumatic  vibrator  already  referred  to. 

Fig.  31,  a  rear  view  of  the  machine,  shows,  at  the  top  centre, 
with  its  inlet  hose  hanging  to  it,  this  vibrator,  which  is  shown 
in  section  in  Fig.  32.  It  consists  simply  of  a  double  acting  elon- 
gated piston  liaving  a  stroke  of  about   /,,   inch   in  a  valveless 
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cylinder,  and  impacting  upon  hardened  anvils  at  either  end  at 
the  estimated  rate  of  5,000  blows  per  minnte. 

The  method  of  communicating  the  rapid  yet  small  oscillations 
of  the  vibrator  to  the  patterns  and  yet  keeping  them  from  being 
transmitted  to  the  rest  of  the  mechanism  is  this  : 

A  frame,  called  a  vibrator  frame,  to  which  the  pneumatic 
vibrator  is  bolted  and  keyed,  is  shown  in  Fig.  33.  To  this  frame 
the  plate  carrying  the  patterns,  often,  in  cases  of  patterns 
having  irregular  parting  lines,  forming  one  and  the  same  cast- 
ing with  the  patterns,  is  fastened  by  the  four  machine  screws,  the 
small  tapped  holes  for  which  are  shown  in  the  four  corners.  In 
fact,  in  changing  patterns,  the  process  consists  of  simply  remov- 


FiG.  ,33. 


ing  these  four  machine  screws,  taking  up  the  pattern  plate  and 
screwing  to  the  vibrator  frame  the  new  pattern  plate.  The  vibra- 
tor frame  itself  is  secured  to  the  machine  structure  by  the  four 
bolts,  the  larger  holes  for  which  are  shown  in  the  inner  corners. 
These  bolts  are,  as  shown  in  Fig.  3""',  surrounded  by  thick  bush- 
ings. These  bushings  are  elastic  to  such  a  degree  as  to  abs(n'b 
the  sharp  vibrations  of  vibrator  frame  and  patterns,  while  so  firm 
and  well-fitted  as  to  hold  patterns  accurately  to  their  position. 

The  action  of  the  vibrator  is  such  as  to  give  to  the  entire  pat- 
tern surface  an  exceedingly  violent  shiver,  making  it  impossible 
that  au}^  sand  should  adhere  to  this  surface,  wliile  the  magnitude 
of  the  actual  movement  of  the  pattern  is  so  slight  that  it  is  found 
to  fill  the  mould  so  completely  that  it  is  impracticable  to  draw 
it  a  second  time  without  rapping.     Yet,  so  truly  are  the  patterns 
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liekl,  and  so  little  disturbed  from  their  original  i)osition,  that  it 
is  perfectly  practicable  to  return  patterns  to  a  mould  having  the 
finest  ornamental  surface  in  the  ordinary  practice  of  "  printing 
back." 

In  cases  where  deep  pockets  of  hanging  sand  occur,  which 
cannot  be  held  during  lifting  off  and  rolling  over,  machines  are 
arranged  to  roll  the  flask  over  in  their  operation  and  draw  the 
patterns  up  under  the  influence  of  the  pneumatic  vibrator, 
though,  owing  to  the  time  consumed  in  the  rolling-over  process 


Fig.  33. 


(and  each  operation  counts  in  seconds  on  a  moulding  machine), 
this  style  of  machine  is  not  usually  as  rapid  in  its  working  as 
the  simpler  type,  in  which  the  flasks  come  off  in  the  same  way 
they  go  on. 

Fig,  34  shows  a  set  of  patterns  as  they  are  ordinarily  fitted  to 
plates  for  this  machine.  Round  holes  will  be  noticed  at  places 
in  the  plate  surface.  These  are  openings  for  the  insertion  of 
what  are  called  "  stools,"  which  are  shown  at  G  and  H  in  sec- 
tional elevation. 

When  it  is  found  necessary  to  support  the  sand  surface  at 
any  point,  or  generally,  roynd  holes  are  drilled  through  either 
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plate  or  pattern  surface  and  loose  cylindrical  pieces  are  dropped 
into  these  holes,  their  upper  end  surfaces  being  tiush  with  the 
plate  or  pattern  surface  and  their  lower  ends  resting  on  the 


Fig.  34. 


American  Bauk  Nolo  Co.,X.V. 


plate  called,  from  this  use,  a  stool  plate.  This  plate  appears  in 
Fig.  35  at  A  and  is  hung  solidly  by  the  l)rackets  shown  at  B 
from  the  frame  which  carries  the  flasks,  so  that  it  has  the  same 
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upward  motion  as  the  flasks,  and  the  upper  ends  of  the  stools 
remain  in  contact  with  the  sand  of  tlie  mould  until  same  is  lifted 
from  machine.  Fig.  35,  showing  a  vertical  section  througli  a 
machine,  will  make  perfectly  clear  the  position  and  action  of 
these  stools. 

As  illustrating  the  importance  of  being  able  to  work  without 
stripping  plates  on  a  line  of  work  which  is  much  more  extended 


A      Stool  Plate 
B      Stool  Plate  Brackets 
Slumford 


C      Vibrator  Frame 
D       Elastic  Bushings 

Fig.  35. 


E       Flask  Frame 
F       Pattern  Plate 


than  that  possible  with  them,  we  may  say  that  a  machinist 
with  a  drill  press,  supplied  with  split  patterns  and  planed  pattern 
plates,  has  matched  and  fixed  five  sets  of  from  four  to  eight  pieces 
in  a  day  ;  and  wooden  patterns  fitted  for  temporary  use  in  the 
same  way,  are  of  frequent  occurrence  when  it  is  not  thought 
wise  to  go  to  the  expense  of  metal  patterns  on  account  of  the 
relatively  small  number  of  castings  to  be  made  from  them. 

It  is  not,  perhaps,  too  much  to  say  that  pattern  expense  is  not 
the  final  evil  of  the  costly  and  not  durable  stripping-jDlate 
patterns. 
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NOTES  ON  RATING  ELECTRIC  POWER  PLANTS  UPON 
THE  HE  AT- UNIT  STANDARD. 

(SECOND  PAPER.) 

BY  WM.   S.   ALDRICII,   JIORGANTOWN,  TV.   VA. 

(Member  of  the  Society.) 

These  notes  refer  to  a  paper  t  on  this  subject  read  by  tlie 
author  before  the  Hartford  meeting  (May,  1897)  of  this  Society. 
No  comparative  data  were  given  in  the  original  paper.  It  was 
known  that  the  Committee  on  Data  of  the  National  Electric 
Light  Association  had  a  report  in  preparation  for  the  Niagara 
Falls  convention,  June  8,  1897.  This  was  the  fourth  and 
probably  the  last  of  such  valuable  reports.  It  was  deemed  ex- 
pedient, rather  than  refer  to  the  previous  reports,  to  await  the 
publication  of  the  1897  report  for  the  data  needed  in  discussion 
of  the  author's  paper. 

The  earlier  reports  of  the  above  Committee  on  Data  have 
been  full  of  instructive  information  relating  to  many  types  of 
steam-power  electric  plants.  In  all  of  the  cases  finally  reported, 
their  rating  has  been  based  on  watt-hours  per  pound  of  coal. 
Over  three  years  ago  Mr.  F.  M.  Eites,  at  the  Montreal  meeting 
of  our  Society,  discussed  the  data  of  the  Washington  Conven- 
tion of  the  Association  (1894).  His  remarks:}:  at  that  time  were 
so  pertinent  to  the  whole  question  of  the  economy  of  electric 
power  plants  that  it  will  not  be  amiss  to  quote  them  here. 

"  It  is  impossible  that  competent  engineering  ability  should 
be  confined  exclusively  to  the  manufacturing  industries. 

'•  It  cannot  be  assumed  that  the  average  intelligence  of  the 
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designers  aud  operators  of  electric  light  stations  is  inferior  to 
tliat  disjilayed  in  establishments  of  difi'erent  character,  and  yet 
the  enormous  discrepancy  between  the  actual  results  and  tliose 
whicli  should  be  realized  surely  deserves  some  attempt  at 
explanation. 

"  It  is  but  proper  to  note  that  the  Committee  has  chosen  the 
record  of  a  very  high  duty  as  a  basis  of  comparison,  and  that  the 
nature  of  the  exacting  service  of  electric  light  and  street  railway 
plants  precludes  the  possibility  of  a  close  approximation  to  the 
highest  economy  under  more  favorable  conditions;  but  these 
figures  are  entirely  unexpected  and  incidentally  somewhat  ridic- 
ulous, considering  the  energy  Avitli  whicli  the  last  j^er  cent,  of 
efiiciency  of  the  electric  ajiparatus  is  insisted  on  b}^  its  users. 

"  Possibly  some  reason  for  such  a  remarkable  state  of  things 
may  be  found  in  the  miscellaneous  engineering  errors  which 
usually  follow  an  iguorantly  wasteful  policy,  but  these  are  as 
frequently  met  in  other  power  plants.  Perhaps,  also,  stations 
imjjroperly  proportioned  and  generally  unfitted  for  economic 
competition  may  be  found  in  the  list,  but  these  are  far  from 
sufficient  to  account  for  such  universal  failure  to  realize  even  a 
moderate  degree  of  efficiency. 

"There  seems  to  be  but  one  general  explanation  applicable  to 
electric  light  or  railway  stations  which  can  account  with  any 
degree  of  probability  for  such  extravagant  fuel  consumption, 
and  that  is  the  excessive  wastefulness  of  the  steam-engine  under 
varying  conditions  of  load." 

It  is  proposed  in  the  present  pajjer  (L)  to  discuss  briefiy  the 
progress  shown  during  the  past  four  years  in  the  economic  per- 
formance of  steam-power  electric  plants  as  summarized  by  the 
Committee  on  Data  of  the  National  Electric  Light  Association; 
(II.)  to  show  that  the  very  low  economy  of  such  electric-light 
and  railway  stations  is  not  entirely  due  to  uneconomical  engines 
and  variable  loads  ;  (III.)  to  present  a  few  notes  upon  a  further 
consideration  of  the  heat-unit  rating  for  such  plants.  This 
treatment  will  have  specially  in  view  the  necessity  for  some 
standard  rating  by  means  of  which  the  design,  installation,  test- 
ing, and  management,  as  well  as  specifications  and  contracts  for 
these  plants,  may  be  reduced  to  a  satisfactory  basis  for  advanc- 
ing this  industry  along  engineering  lines. 
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I. — PERFORMANCE    OF   ELECTRIC    POWER   PLANTS    ON    A  COAL   BASIS. 

From  the  several  reports  of  the  Committee  on  Data  of  the 
National  Electric  Light  Association,  Tables  I.  and  II.  have  been 
compiled.  An  inspection  of  these  will  show  what  little  progress 
has  been  made  during  the  last  four  years  in  such  installations. 
In  fact,  the  expectations  of  the  (1894)  committee  seem  not  to 
have  been  realized  in  that  they  looked  for  much  better  values 
in  the  reports  of  subsequent  years.  It  is  a  matter  with  which 
the  mechanical  engineer  is  most  directly  concerned.  His  work 
in  the  design  and  installation  of  even  the  most  recent  central 
station  is  open  to  criticism  that  cannot  be  applied  to  the  elec- 
trical features  of  the  same.  Electrical  engineers  themselves 
acknowledge  that  the  efl&ciency  of  the  modern  dynamo  has  prac- 
tically reached  the  limit  set  by  structural  and  economic  consid- 
erations. Mr.  Rites'  remarks,  quoted  above,  are  singularly  ap- 
plicable to  the  conditions  existing  at  the  present  day.  In  the 
light  of  what  he  has  said,  the  following  comparative  data  should 
be  carefully  studied  by  the  mechanical  engineer. 


TABLE  I. 

Showing    Results  of  Four    Years'    Progress   in  the  Economic  Per- 
formance OF  Steam-power  Electric  Plants. 


Convention  of  the  Nat. 
Tear.      Electric  Light  Assoc, 

i                  at— 

i 

No.  of  Stations 
Reported. 

Watt-hours  per  PorxD  of  Coal. 

Maximum. 

Minimum. 

Average. 

1894. .  Washington 

1895..  Cleveland 

1896.  .  New  York 

65 
24 
81 
14 

208 
262 
237 
269.5 

25                       91.7 
36                    128 
33                    108 

1897..  Buffalo 

98.7                15fi 
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TAHLE   II. 

Equipment  of  the  Stations  Given  in  Table  I., 
AND  Minimum  Economy. 


Showing  the  Maximum 


Year. 

Economy. 

Boilers. 

Engines. 

Dynamos. 

Daily  Out- 
put, Watt- 
hours. 

Fuel. 

Maximum 

(208) 
Mininaim 

(25) 

Maximum 

(26--'i 
Minimum 

(36) 

Maximum 

(237) 
Minimum 

(33) 

Maximum 

(269.5) 
Minimum 

(98.7) 

Arc,  Power,and 
Incandescent. 

Arc  and  Incan- 
descent. 

Direct    C  o  n - 

nee  ted. 
Belted  Direct. 

Belted  Direct. 
Belted  Direct. 

Dir.  Connected, 

7,971,600 
80,070 

22,967,952 
2,790,565 

3,370,.392 
203,555 

Coal,     Hard 

Screenings. 
Coal 

1894- 

r 

1895^ 

I 

r 

1896  j 

r 

Horizontal  Water 
Tube. 

Horizontal  Tubu- 
lar. 

Horizontal  Tubu- 
lar. 

Horizontal  Tiibu- 
lar. 

Water  Tube. 

Horiz.  Tubular. . . 
and  Water  Tube. 

Trip.  Ex-p.  Con- 
densing. 

High  Speed 
Non-cond'g. 

High  Speed 
Comp.  Cond'g 

High  Speed 
Condensing. 

Vertical   Comp. 
Cond'g  4- Valve 
Comp.    Cond'g. 
Comp.    Cond'g. 

i    Soft   Coal,    i 
Hd.  Screen'gs. 
Bitumin.  Pea. 

Bitumiu.  Lump. 

Anthracite 
Buckwheat. 

1897  j 

Incandescent. 
Belted  to  Dyn., 
Belted  to  C.-Sh. 

A  comparison  of  the  above  witli  some  of  the  best  results  ob- 
tained in  modern  mill  engines  has  been  noted  by  the  commit- 
tee, as  follows : 

In  the  1894  report  compared  to  the  performance  of  the  engine 
of  the  Chelsea  Jute  Mills,  Brooklyn,  N.  Y.,  showing  a  coal  con- 
sumption of  1.482  pounds  per  indicated  horse-jjower  per  hour, 
with  the  load  vanjing  from  495.21  to  764.96  horse-power.  If 
such  a  performance  were  possible  in  the  central  station,  it  should 
result  in  over  400  watt-hours  per  pound  of  coal,  on  the  basis  of 
the  committee's  assumption  of  90  per  cent,  for  the  mechanical 
efficiency  of  the  engine  and  for  the  same  efficiency  in  the  dynamo. 

In  the  1896  report  the  committee  called  attention  to  the 
then  world's  record  for  steam  economy  as  shown  by  the  Chest- 
nut Hill  pumping  station  engine  at  Boston — a  steam  con- 
sumption of  11.22  pounds  per  horse-power  per  hour,  or  an  effec- 
tive pump  horse-power  per  hour  on  1.34  pounds  of  coal.  If  the 
efficiency  of  the  direct-connected  electric  generators  should 
compare  favorably  with  that  of  the  pumps  of  this  engine,  with 
no  allowance  for  variation  in  load,  anthracite  coal  used  in  the 
plant  with  the  same  economy  of  installation  should  produce  557 
watt-hours  per  pound  of  coal. 

In  the  1897  report  of  the  committee,  Mr.  F.  K.  Low,  member 
of  our  Society,  very  fully  discussed  the  several  sources  of  loss 
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in  the  electric  power  plant,  stating  tlie  discrepancies  would  be 
made  np  mainly  from  tlie  following  items  :  (1)  Decreased  boiler 
efficiency  ;  (2 )  lesser  normal  efficiency  of  engine  ;  (3)  impaired 
conditions  of  engines;  (4)  unfavorable  engine  load;  (5)  leak- 
age ;  ( 6)  condensation ;  (7)  auxiliaries  ;  (8)  heating.  It  is  not 
our  purpose  to  discuss  this  admirable  report ;  but  there  is  no 
reason  why  every  feature  of  installation  of  an  electric  power 
plant  should  not  be  as  fully  considered  in  design  and  construc- 
tion as  in  the  case  of  ths  modern  high-duty  pumping  station. 
In  fact,  it  has  been  repeatedly  pointed  out  that  the  chief  dif- 
ferences are  those  due  to  the  running  conditions  of  electric 
plants,  and  not  entirely  due  to  sudden  and  wide  variations  of 
load.  Messrs.  A.  G.  Pierce  and  R  S  Hale  report  *  of  the  per- 
formance of  the  l>oston  stations  of  the  Edison  companies  :  "  In 
our  test  we  have  finally  found  the  variation  due  to  causes  which 
"we  first  thought  negligible,  to  be  more  than  the  variation  due 
to  the  change  of  load." 

In  this  connection  it  is  important  to  notice  the  results  of 
Mr.  H.  A.  Foster's  analysis  of  the  tests  of  twenty-two  different 
power  plants,  f  These  included  manufacturing  establishments, 
electric-light  stations,  pumping  engines,  etc.  Plants  above  200 
horse-power  show  a  remarkable  uniformity  in  fixed  charges  > 
namely,  interest  on  first  cost,  dej^reciation,  taxes,  and  insurance. 
The  oj)erating  expenses  gradually  decrease  in  plants  from  200 
to  1,000  horse-power,  above  which  capacity  the  operating  ex- 
penses seem  to  remain  remarkably  uniform  and  quite  irresj)ec- 
tive  of  load  variations.  The  large  electric  stations  supplying 
many  siualler  industries  are  scarcely  affected  by  the  instan- 
taneous load  changes  in  one  or  more  of  these  particulars. 

The  conclusions  to  be  drawn  from  all  of  the  preceding 
clearly  indicate  that  the  economy  of  the  modern  high-duty 
pumping-engine  plant  is  due  to  a  refinement  of  design  and 
economic  arrangement  of  the  installation  that  has  not  yet  been 
reached  in  the  electric  power  plant.  Anything  which  tends  to 
advance  the  latter  industry  along  the  lines  which  have  been  so 
clearly  marked  out  in  the  development  of  the  former,  merit  the 

*  Quoted  by  Mr.  F.  R.  Low,  report  of  Committee  on  Data,  Xational  Electric 
Light  Association,  Buffalo  meeting,  .Tunc  8,  1897. 

•f  Transactions  of  the  American  Institute  of  Electrical  Engineers,  vol.  xiv., 
"  V^ariations  in  the  Cost  of  Steam  Power,"  by  Mr.  H.  A.  Foster.  Paper  pre- 
sented at  the  annual  convention,  July  28,  1897. 
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atteutiou  of  those  liaviug  sucli  work  in  hand.  It  is  believed 
that  the  standard  heat-unit  specifications  aud  the  subsequent 
contract  trials  of  pumping-  ])lants  upon  this  basis  have  combined 
to  develop  this  industry  to  an  unprecedented  degree. 

It  is  not  therefore  too  much  to  expect  tliat  similar  standard 
heat-unit  specifications  and  contract  trials  of  electric  power 
plants  will  advance  this  industry  also  along  the  same  engineer- 
ing lines.  At  least  the  efficiencies,  economies,  guarantees,  and 
contracts  now  being  realized  in  pumj)ing  stations  should  be 
much  more  nearly  approached  by  the  modern  electric  power 
plant. 

II. — PLANT  ECONOMY  AS  RELATED  TO  ENGINE  ECONOMY  AND 
VARIABLE  LOADS. 

This  seems  to  be  the  chief  feature  of  Mr.  Rites'  explanation 
of  the  very  low  economy  of  the  electric  power  plants  reported 
upon  up  to  the  time  of  his  paper  previously  referred  to.  We 
certainly  do  not  wish  to  be  misunderstood  as  taking  issue  with 
this  explanation ;  but  it  is  apparent,  from  a  careful  study  of  the 
last  four  years'  record  of  the  Committee  on  Data,  that  some 
very  uneconomical  engines  have  produced  remarkable  results  in 
point  of  economy  of  operation  and  efficiency  of  installation. 
The  best  of  engines  may  be  poorly  operated  on  the  one  hand, 
and  the  whole  plant  badly  arranged  on  the  other  hand. 

We  enter  as  strong  a  plea  as  any  one  for  the  most  economical 
engine  in  electric  power  plants ;  but  we  wish  to  add  a  further 
requirement,  that  there  should  be  economic  installation  and 
efficient  operation  to  produce  the  best*all-round  results  in  the 
course  of  a  day,  a  month,  or  a  year.  We  think  these  two  feat- 
ures may  possibly  have  produced  the  lowest  cost  of  steam 
power  yet  recorded  ;  namely,  $11.55  per  year  of  3,070  working 
hours,  reported  by  Dr.  R.  H.  Thurston,*  member  of  our  Society. 
The  plant  is  at  the  Warren  Steam  Cotton  Mill,  Providence,  R.  I. 
The  1,950  horse-power  "  AUis "  cross-compound  condensing 
engine  (cylinders  :  32  and  68  inches  by  5  feet  stroke,  74  revolu- 
tions per  minute),  with  Heine  water-tube  boilers,  at  155  pounds 
steam  pressure,  show  an  economic  performance  of  1.35  pounds 
coal  per  horse-power  per  hour. 

The  question  will  continue  to  be  asked  :  Why  are  not  such 


*  Reported  by  Dr.  R.  H.  Thurston,  in  Science,  October  1,  1897. 
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results  obtainable  in  electric  power  plants  with  similar  units  ? 
Low  cost  of  steam  power  or  of  electric  power  is  not  due  entirely 
to  multiple-expansion  engines  of  the  greatest  individual  econ- 
omy ;  for  in  the  last  noted  instance,  as  reported  by  Dr.  Thurs- 
ton, the  cross-compound  condensing  engine  replaced  a  quadru- 
ple-expansion engine. 

Concerning  the  effect  of  variation  of  load  upon  modern  elec- 
tric power  plant  engines,  it  is  further  interesting  to  note  that 
Messrs.  A.  G.  Pierce  and  E.  S.  Hale  state  of  the  Boston  Edison 
stations  in  the  report  previously  noted :  "  As  a  matter  of  fact, 
the  steam  per  indicated  horse-power  in  our  two  200  units  holds 
within  12  per  cent,  over  a  range  from  |  up  to  full  out-put." 

Along  the  same  line  it  is  to  be  noted  that  throughout  quite  a 
wide  range  of  load  variation  the  compound  engines  reported 
by  Mr.  A°  K.  Mansfield,*  at  the  recent  Hartford  meeting,  show 
a  remarkably  uniform  rate  of  steam  consumption.  The  ques- 
tion naturally  arises  whether  such  uniformity  under  wade  varia- 
tions of  load  is  not  more  of  a  characteristic  of  compound  engines 
than  formerly  considered  by  those  who  lay  all  the  blame  upon 
the  steam  engine  for  the  poor  showing  in  the  economy  of  elec- 
tric power  stations. 

With  dynamos  which  electrical  engineers  now  design  and 
build,  maintaining  an  efficiency  over  93  per  cent,  from  about  ^ 
load  to  20  per  cent,  over  load,  directly  coupled  to  cross-com- 
pound condensing  engines  (let  us  say)  which  mechanical  engi- 
neers are  designing  and  building,  having  a  characteristic  low 
range  of  steam  consumption  between  similar  limits  of  light  load 
and  over  load,  the  question  will  naturally  arise  :  Why  cannot 
the  tw^o  units  be  more  economically  put  together,  installed,  and 
operated  ? 

III.— NOTES    ON   HEAT-UNIT   RATING. 

In  the  discussion  which  followed  the  presentation  of  the 
author's  paper  on  this  subject  before  the  Hartford  meeting,  as 
well  as  in  conference  wdth  members  and  other  electrical  and 
mechanical  engineers  since,  it  will  appear  that  the  following 
points  have  been  brought  out : 

That  the  heat-unit,  as  a  basis  for  such  ratings,  is  both  rational 

*  Transactions  of  tlie  American  Society  of  rvrcclianical  Engineers,  vol.  xviiL, 
No.  727,  "Tbe  Best  Load  for  the  Compound  Steam  Engine,"  by  Mr.  A.  K. 
Mansfield. 
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and  scientific.  It  is,  liowever,  not  in  consequence  the  most 
satisfactory  standard  for  use  by  builders,  contractors,  and  prac- 
tical engineers  dealing  with  this  class  of  motive-power  machin- 
er}' ;  namely,  steam  engines  and  dynamos. 

That  great  differences  of  opinion  exist  as  to  the  proper  defini- 
tion of  the  heat-unit  required  for  such  a  standard.  There  are  at 
least  four  different  heat-units  commonly  employed. 

That  the  present  extensive  and  satisfactory  use  of  the  heat- 
unit  for  steam-pumping  installations  is  as  it  should  be  and  is 
all  right  in  that  place  ;  but  this  is  no  argument  for  its  introduc- 
tion and  use  in  a  similar  manner  in  the  rating  of  steam  electric 
jdants. 

That  the  present  way  of  stating  the  performance  of  electric 
power  plants,  however  vinsatisfactory,  is  easily  understood  by 
all  jDarties  interested.  Chief  of  these,  of  course,  is  the  caj)italist ; 
he  can  readily  comprehend  rating  leased  on  the  coal  bill. 

That  the  load  factor,  after  all,  has  not  so  much  to  do  with  the 
fuel  economy  of  tlie  plant,  as  such,  however  much  the  A^arying 
loads  may  individually  affect  any  of  the  units  of  the  installation, 
such  as  the  steam-engine.  Therefore,  in  the  large  city  and 
suburban  steam-power  and  electric  plants  now  being  installed, 
there  is  not  the  necessity  for  such  strict  adherence  to  eco- 
nomic load  factors  as  in  the  case  of  plants  with  smaller  units. 

That  the  watt  expresses  the  activity  or  rate  of  the  electrical 
output,  in  joules  per  second.  In  this  respect  it  is  analogous 
to  the  horse-power  rating  of  mechanical  output.  Hence,  the 
standard  rating  should  be  in  kilowatt-hours  per  1,000,000  B.T.U. 
supplied  to  the  steam  used  in  the  whole  plant. 

That  if  the  heat-unit  basis  is  considered  as  the  proper  stand- 
ard for  the  steam  electric  plant,  the  whole  heat  supplied  to  the 
plant  should  be  as  carefully  determined,  and  in  the  same  man- 
ner, as  now  in  vogue  for  similar  standard  ratings  and  contract 
trials  for  steam  pumping  plants. 

That  the  boiler  should  be  in  evidence  in  all  cases  in  which 
plant  performance  is  mentioned.  In  the  electric  plant  it  is 
economy  of  installation  that  is  desired  quite  as  much  as  in 
the  case  of  pumping  plants.  Why  should  the  boiler  perfor- 
mance be  urged  into  consideration  in  the  former  case  and  not 
in  the  latter  ?  If  it  is  a  good  thing  to  introduce  it  in  either  case 
it  Avould  seem  proper  to  do  so  in  both  cases. 

That  the  common  rating  of  performance  of  pumping  plants  in 
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foot-poiiuds  per  1.000  pounds  steam  would  be  amply  sufficient 
for  all  purposes  of  rating  electric  plants  for  which  the  heat-unit 
basis  is  advocated.  This  seems  particularly  plausible  on  ac- 
count of  the  small  variation  in  the  total  heat  of  one  pound  of 
steam  for  quite  a  wide  range  of  pressures  now  used  in  modern 
electric  plants.  Taking  the  standard  temperature  of  fe*  d  water 
at  212  degrees  Fahr.,  exactly  1,000  B.T.U.  are  required  to  raise 
the  temperature  and  evaporate  one  pound  of  feed  water  into 
steam  at  77.3  pounds  per  gauge  (92  pounds  abs.)-  Taking  this 
as  suitable  for  a  simple  non-condensing  engine,  we  may  compare 
it  with  that  of  150.;]  pounds  gauge  (165  pounds  abs.),  in  which 
1,013.5  B.T.U.  are  required  to  raise  the  temperature  from 
feed  water  (212  degrees  Fahr.)  and  evaporate  it  into  steam  at 
the  given  pressure.  In  this  case,  therefore,  if  we  adopt  1,000 
pounds  steam  instead  of  the  1,000,000  B.T.U.,  we  make  an  error 
of  only  1.35  per  cent.  It  is  claimed  that  this  is  within  the  usual 
allowable  errors  of  observation  and  measurements  in  power- 
plant  tests,  and  that  there  is  not  enough  difference  to  warrant 
the  trouble  required  to  obtain  the  performance  reduced  to  a 
B.T.U.  standard. 

In  this  connection  it  is  interesting  to  note  the  progress  shown 
by  the  committee  reports  on  data  made  to  the  National  Electric 
Li-ht  Association.  In  ten  out  of  the  fourteen  cases  noted 
in  "the  report  presented  at  the  Buffalo  meeting  of  that  associa- 
tion, the  "  water  per  kilowatt-hour  at  best  efficiency  "  is  noted 
for  first  time.  As  the  average  temperature  of  the  feed  water  in 
the  best  stations  reported  is  from  208  to  212  degrees  Fahr.,  and 
the  best  results  are  shown  by  the  compound  condensing  en- 
gines, we  mav  conclude  that  the  comparative  water  ratings  are 
within  about  1  per  cent,  of  what  such  comparative  ratings  would 
be  if  based  on  the  B.T.U.  standard. 

It  is  a  question  whether  mechanical  engineers  will  remain 
satisfied  with  results  even  within  this  close  degree  of  approx- 
imation. The  fact'  has  been  repeatedly  pointed  out  by  elec- 
trical engineers  that  their  system  of  units  is  altogether  unique, 
is  thoroughly  scientific  (being  based  upon  the  C.  G.  S.  system), 
and  is  the  only  system  of  engineering  units  universally  adopted. 
Mistakes  are  said  to  be  occasionally  avoided  in  the  sister  pro- 
fession of  mechanical  engineering  by  the  insistence  on  the  ac- 
curate use  of  terms  and  of  units  in  electrical  engineering 
Dealers  in  electrical  stocks  and  capitalists  exploiting  electrical 
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euterprises  geuerally  have  an  appreciative  insight  into  the 
meaning  of  volts,  amj)eres,  and  kilowatts.  Why  should  the 
time-honored  heat-unit  be  so  difficult  of  comprehension  by  the 
same  class  of  interested  citizens? 

A  quarter  of  a  century  ago  Maxwell  wrote  :  "  The  conse- 
quences of  this  demand  for  electrical  knowledge  aud  of  these 
experimental  opportunities  for  acquiring  it  have  been  already 
very  great  both  in  stimulating  the  energies  of  the  advanced 
electrician  and  in  diffusing  among  practical  men  a  degree  of 
accurate  knowledge  which  is  likely  to  conduce  to  the  general 
scientific  progress  of  the  whole  engineering  profession." 


APPENDIX. 

IV. — PERFOEMANCE  OF   ELECTRIC   POWER  PLANTS   ON"  THE    HEAT-UNIT 

STANDARD. 

Since  the  advance  sheets  of  this  j^aper  were  distributed,  the 
author  has  been  requested  to  present  some  examples  of  rating 
central  stations  on  this  standard.  Though  other  data  have  been 
collected  and  reduced,  yet  on  such  short  notice  the  writer  could 
but  turn  to  the  National  Electric  Light  Association  Reports  on 
Data,  especially  as  these  have  been  discussed  previously  in  the 
body  of  the  paper. 

In  the  1897  Report,  the  feed-water  consumption  per  kiloAvatt 
hour  is  given  for  nine  of  the  stations  reporting.  In  addition, 
six  of  these  report  the  temperature  of  feed  water.  The  two 
preceding  data,  with  the  steam-gauge  pressures,  furnish  the 
means  of  determining  the  total  heat  in  B.  T.  U.  supplied  to  the 
system,  that  which  is  required  to  raise  all  of  the  feed  water 
from  its  temperature  to  that  of  the  steam  at  the  boiler  pressure. 
The  results  are  given  in  Table  III. 
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DUSTLESS  BUILDINGS. 

C.   J.    IJ.    WOODBURY,    BOSTON,  MASS. 

(Member  of  ihe  Society.) 

The  increased  height  of  office  buildings,  rendered  possible  by 
what  Otis  Tufts  patented  as  the  vertical  railway,  while  bringing 
to  their  occupants  relief  from  the  noise  of  the  streets  and  afford- 
ing comfort  by  extending  above  the  fly  belt,  which  is  as  well 
defined  as  the  snow  line  on  a  high  mountain,  also  exposes 
the  occupants  to  the  fine  dust  which  pervades  the  whole 
structure  and  which  the  other  salutary  conditions  of  the  build- 
ing renders  more  prominent. 

The  modern  method  of  heating  and  ventilating  such  a  build- 
ing is  by  means  of  a  blast  of  air  drawn  down  a  flue,  warmed,  and 
forced  through  the  building  in  such  quantities  that  four  times 
the  volume  of  the  building  is  frequently  circulated  through  the 
rooms  each  hour. 

This  method  of  heating,  although  a  more  efficient  application 
of  radiating  surface  for  heating  the  air  than  by  direct  radiation 
in  rooms,  and  which  can  be  managed  with  far  less  expense  for 
attendance,  repairs,  and  fuel,  and  provides  the  sanitary  re- 
quisite of  ventilation  without  cold  drafts,  yet  distributes  large 
amounts  of  dust  through  such  a  building ;  and  in  a  city  using 
bituminous  coal  under  the  average  conditions  there  is  a  fine 
carbon  dust  which  is  especially  obnoxious,  impairing  draw- 
ings, books,  delicate  mechanism,  and  whatever  may  be  injured 
by  the  shower  of  fine,  impalpable  dust,  which  produces  black 
indelible  smooches  whenever  touched.  This  carbon  dust  is 
always  an  annoyance  and  at  times  a  serious  matter. 

The  writer  undertook  to  abate  the  difficulty  of  dust  in  a  build- 
ing of  nearly  500,000  cubic  feet  capacity,  through  which  26,000 
cubic  feet  per  minute  was  usually  blown,  for  heating  and  ven- 
tilation.     The   outside  air  used  for   this  purpose  was   drawn 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Meclianical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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clo"\vii  a  flue  37  square   feet  iu   cross  section,  and  reached  a  ve- 
locit}-  of  700  feet  per  minute. 

The  means  taken  to  remove  the  foreign  substances  from  the 
air  was  by  use  of  cotton  cloth  filters  so  arranged  that  the  air 
should  approach  the  fabric  at  an  acute  angle,  by  which  the  mo- 
mentum would  carry  these  particles  beyond  a  point  where  the 
element  of  air  under  consideration  would  pass  througli  tlie  filter, 
and  the  particles  of  dust  would  be  carried  by  the  place,  and 
striking  the  cloth  at  a  lesser  angle,  tend  to  glance  off  and  be 
carried  to  the  bottom  of  the  filter,  rather  than  to  clog  the  inter- 
stices iu  the  fabric.  The  area  of  the  filters  being  larger  than 
that  of  the  flue,  the  rate  of  filtration  was  inversely  slower  than 
the  velocity  of  the  air  down  the  flue. 

The  means  by  which  this  was  accomplished  were  very  simple. 
A  timber  frame,  divided  by  partitions  into  five  rectangular 
ojDenings,  was  placsd  at  the  top  of  the  flue,  and  under  each  open- 
ing was  placed  a  bag  whose  top  was  attached  to  a  light  wood 
frame  slightly  larger  than  the  opening,  making  a  tight  fit,  so 
that  the  air  entering  the  flue  must  pass  downwards  into  "these 
bags,  which  were  over  thirty  feet  in  height.  An  arrangement  of 
guides,  ropes,  and  pulleys  enabled  the  bags  to  be  raised  and 
lowered  by  a  person  at  the  bottom  of  the  flue.  The  bottom  of 
each  bag  was  made  open,  and  closed  with  a  drawing  string,  and 
a  hoop  kept  the  lower  portion  distended.  An  arrangement  of 
lines  extending  along  the  sides,  inside  and  outside,  from  end  to 
end  facilitated  turning  inside  out  and  back  again  when  they  were 
being  cleaned. 

The  whole  of  the  mechanical  arrangement  is  fully  described 
in  United  States  patent  No.  589,772. 

These  bags  were  square  at  the  top,  where  their  combined  area 
equalled  that  of  the  flue,  but  soon  diminished  to  a  cylindrical 
section,  occupying  about  40  per  cent,  of  the  space,  thus  afford- 
ing ample  clearance  for  the  exit  of  the  air  j)assing  through  the 
fabric. 

The  area  of  the  flue  was  3f  per  cent,  of  that  of  the  bags,  and 
while  the  air  passed  down  the  flue  at  a  velocity  of  700  feet  per 
minute,  it  passed  through  the  fabric  at  26  feet  per  minute. 

From  half  a  peck  to  a  peck  per  month  of  fine  dust  was  gath- 
ered from  the  bags. 

The  efficiency  of  the  device  was  tested  by  placing  freshly- 
painted  boards  at  the  bottom  of  the  flue  before  the  installation 
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of  the  apparatus,  and  theu  giving  another  coat  of  paint  over  lialf 
of  the  surface  after  the  apparatus  was  in  service. 

In  the  tirst  instance  the  fresh  paint  collected  fine  dust  until 
it  resembled  fine  sand-paper,  and  in  the  second  the  paint  dried 
with  a  smooth  surface. 

Another  means  of  testing  the  efficiency  of  the  device  was  by 
placing  split  laps  of  absorbent  cotton  in  various  parts  of  the 
"building  before  and  after  the  bags  w^ere  in  service,  and  one  set 
was  covered  with  fine  particles  and  the  other  was  free.  The 
change  was  not  a  notable  one  at  first,  owing  to  the  large  amount 
of  dust  previously  deposited  in  the  flues,  but  much  of  this  was 
removed  by  running  the  blower  at  a  very  high  rate  of  speed,  and 
afterwards  removing  the  registers  and  washing  them  and  the 
flues  as  far  as  could  be  reached. 

The  device  has  been  solely  under  the  care  and  management  of 
the  men  employed  on  the  engine  and  boilers,  and  has  served  its 
purpose  in  rendering  a  building  free  from  dust  caused  by  the 
ventilating  system. 

DISCUSSION. 

Mr.  Gus.  C.  Hennmg. — I  would  like  to  ask  if  moisture  in  the 
atmosphere  would  collect  upon  those  cloths  so  that  they  would 
filter  less  air  than  when  the  atmosphere  is  dry. 

Mr.  Woodbury. — There  is  a  cover  over  the  top  of  the  flue  and 
the  air  enters  through  blinds  at  the  sides  ;  during  a  heavy  rain 
storm  a  certain  amount  of  moisture  would  be  drawn  into  the 
bags  and  collect  upon  the  inside  surface  ;  then  it  would  be 
drawn  through  the  cloth  and  carry  a  slight  amount  of  fine  dust 
in  suspension,  and  the  outside  of  the  bag  would  be  stained  by 
the  water  trickling  down.  Snow  scours  the  inside  of  the  bags 
and  removes  much  of  the  fine  black  dust  which  adheres  to  the 
sides  until  the  fabric  more  nearly  resembles  black  woollen  cloth 
than  cotton.  As  the  lower  portion  of  each  bag  is  distended  by 
a  barrel  hoop  and  then  closed  by  a  drawing  string  through 
brass  rings,  the  snow  would  be  removed  in  the  same  manner 
as  the  dust.  The  cleaning  of  the  bags  was  a  problem,  as  the 
first  attempt  to  use  a  steam  jet  inside  of  a  bag  turned  wrong 
side  out  did  not  prove  successful  in  a  district  where  soft  coal 
was  used,  as  the  large  amount  of  coal  tar  became  softened  and 
adhered  to  the  cloth.  Afterwards  they  were  washed  with 
satisfactory  results,  except  when  they  were  kept  in  a  washing 
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machine  so  long  that  the  cloth  became  fulled  and  the  interstices 
were  reduced  to  an  extent  which  reduced  the  capacity  of  the 
filters  at  the  same  air  pressure. 

At  present  a  beating  by  a  carpet  beater  about  once  in  two  or 
three  months  will  probably  serve  every  purpose  in  the  busiuess 
and  manufacturing  portions  of  a  city  using  soft  coal. 

3Ir.  Horace  B.  Gale.— I  would  like  to  ask  Mr.  Woodbury  what 
this  dust  which  collects  is  composed  of.  It  would  be  interesting 
to  know  what  we  are  being  saved  from. 

Mr.  Woodbury.— The  top  of  the  inlet  flue  was  about  forty  feet 
high  and  situated  at  the  rear  of  very  high  buildings,  except  a 
low  building  in  one  direction,  and  yet  the  fine  black  dust 
appeared  to  contain  every  kind  of  dirt  known  to  be  upon  the 
surface  of  the  streets-paper,  insects,  hair,  cotton,  wool,  and 
silk  fibre,  chips  of  wood,  sawdust,  tar,  soot,  ashes,  coal,  sand, 
mortar,  and  iron,  evidently  from  the  abrasion  of  horseshoes 
and  wagon  tires. 

The  specific  gravity  of  the  dust,  as  gathered  m  a  glass  ]ar, 
was  .38,  and  a  little  less  than  a  quarter  of  the  weight  was  organic 

material.  . 

The  difficult  part  of  the  problem  is  the  fine  soot  from  chim- 
neys, and  it  appears  to  me  that  it  is  a  mistake  to  carry  a  flue  so 
high  that  the  smoke  from  high  chimneys  is  drawn  into  the 
ventilating  system. 

If  the  inlet  was  taken  so  near  to  the  ground  as  merely  to 
avoid  any  hazard  from  sewer  gases  from  catch  basins  or 
perforated  manholes,  the  smoke  would  be  avoided,  and  the 
larger  amount  of  sand  and  coarse  dirt  could  be  easily  screened 

from  the  air. 

The  importance  of  placing  an  inlet  flue  or  blower  room  so 
that  a  boiler  setting  does  not  form  any  part  of  its  boundary  is 
often  disregarded,  as  under  those  conditions  there  is  a  leakage 
of.  the  gaseous  products  of  combustion  through  the  brickwork 
and  into  the  air  used  for  ventilation. 

The  President.— We  have  heard  of  the  snow  belt  on  the 
mountains,  and  Kipling  defines  the  pie  belt  of  New  England, 
but  it  has  remained  for  our  member  to  define  the  fly  belt  m 

high  buildings.  . 

Mr  Woodhirry.-l  said  that  in  all  seriousness,  tor  1  supposed 
that  I  was  merely  referring  to  a  well-known  fact.  It  contributes 
much  to  the  convenience  of  high  building-s  that  the  flies  do  not 
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seem  to  abound  in  the  npper  parts  of  them.  It  is  a  matter  of 
general  observation,  I  think,  that  they  are  very  rare  above  the 
liftli  floor  of  these  buihliugs. 

The  President.— li  is  a  very  important  element  in  commenda- 
tion of  high  buildings. 

J//-.  Henninci. — I  would  say  that  we  have  studied  that  in  the 
St.  Paul  Building.  Flies  occasionally  come  up  in  the  elevator 
to  the  nineteenth  floor,  and  when  they  find  an  open  window  they 
will  go  down.  I  think  150  feet  is  the  maximum  limit  at  which 
you  will  find  flies,  unless  forced  up  by  the  wind. 
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A  STREXGTH  OF  GEAR  CHART. 

BY  JOHN  B.   JIATO,   BllOOKLTN,   N.  Y. 

(Member  of  the  Society.) 

In  offering  such  a  simple  subject  as  a  gear  chart  for  discus- 
sion by  members  of  the  American  Society  of  Mechanical  Engi^ 
neers  the  writer  feels  that  it  is  not  of  sufficiently  high  order  of 
encnne.ring  to  be  worthy  of  their  attention;  neither  does  he 
claim  any  particular  credit  for  himself.  He  simply  offers  it  on 
the  ground  of  its  representing  labor  well  spent,  and  its  publi- 
cation would  enable  others  to  use  it. 

In  re-ard  to  charts,  tallies,  and  formulas  in  general,  the  writer 
is  well  aware  that  there  are  those  who  disapprove  of  anything 
of  that  nature,  claiming  that  each  case  needs  to  be  treated  inde- 
pendently, and  also  stating  that  a  man  should  be  always  ready 
for  his  work,  whether  he  has  his  standard  data  with  him  or  not. 
There  are  others  who,  like  the  writer,  cannot  carry  all  then- 
knowledge  under  their  hats,  and  who  find  it  far  better  to  reduce 
everything  which  they  can  to  a  system  of  routine,  and  then  have 
time  to  spare  for  research  in  a  new  direction,  or  for  going  ahead 
with  other  parts  of  the  work.     It  generally  happens  that   a 
•   designer  is  in  too  great  a  hurry  in  his  work  to  make  original 
calculations   if   at   all    complicated,   and   if   he  does   not   have 
accss  to  readv-made  data  applicable  to  hie  case,  he  is  obliged 
to  make  a  guess,  or  adopt  that  of  somebody  else      Either  way 
is  unsatisfactorv,  in  so  far  as  he  thinks  he  could  do  better  i    he 
only  had  the  time.     When  he  does  have  time  to  work  a  problem 
np  satisfactorily  it  is  well  if  he  can  leave  it  in  such  shape  that 
he  will  not  have  the  same  work  to  do  over  again.  ^     _ 

In  \i)ril    1893,  the  writer  was  working  on  gear  transmission 
He  needed  to  get  a  given  transmission  into  a  small  space,  and  i 
was  important  that  it  should  be  well  designed.     The  problem 
was  somewhaUlifficmlt^^ 

*  Presented  at  the  New  Yorl.  nxeeting  (December,  1897)  of  ^^^^^^^^l^^^^^ 
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fore  he  started  on  it.  Ho  liad  not  the  benefit  of  a  college  educa- 
tion. What  knowledge  he  had  was  obtained  by  hard  study  and 
a  varied  experience.  He  had  found  odoutics  well  written  up, 
but  what  he  wanted  to  know  was,  How  small  would  it  be  safe  to 
make  those  gears  for  that  service  ?  On  that  line  he  found  but 
little  to  guide  him.  After  having  determined  for  that  transmis- 
sion as  Avell  as  he  knew  how,  he  set  about  making  a  chart  so 
as  to  have  less  difficulty  in  the  future.  He  knew  tliat  the 
different  shapes  of  teeth  really  affected  the  strength.  This 
could  be  solved,  but  required  much  labor.  He  also  knew  that 
it  w^ould  be  better  to  allow  different  stresses  in  different  cases. 
Up  to  that  time  he  had  seen  nothing  better  than  such  formulas 

as  H.P.  =  '^^ ,  and  in  applying  these  formulas  one  would  need 

to  use  discretion  with  a  range  of  about  300  -pev  cent.,  judging 
from  what  he  saw  of  other  peoj)les'  work. 

On  May  4,  1893,  an  article  by  Wilfred  Lewis  appeared  in 
the  Ameincan  Mach'tnist.  Mr.  Lewis  not  only  wrote  a  very  able 
essay  on  the  subject,  but  he  j)ublished  factors  for  the  shape  of 
the  teeth,  thus  saving  any  more  work  on  that  line.  He  also 
gave  stresses  to  be  allowed  for  different  velocities,  explaining 
his  reasons  therefor.  This  was  quite  an  important  ste23,  for  if 
the  designer  does  not  know  what  stresses  to  use  he  is  in  a  worse 
predicament  than  when  lacking  other  knowledge.  The  writer 
then  adopted  Mr.  Lewis's  figures  and  proceeded  to  make  a  chart 
that  should  enable  him  and  others  to  select  suitable  gear  almost 
by  inspection.  He  first  plotted  a  curve  having  velocities  for 
abscissa  and  stresses  for  ordinates  to  correspond  with  Mr. 
Lewis's  figures ;  then  drawing  an  averaging  curve  among  the 
points,  he  was  able  to  eliminate  the  steps  from  Mr.  Lewis's  for- 
mula. The  chart  submitted  herewith  in  Fig.  36  is  self-explanatory 
mostly.  It  only  needs  to  be  said  that  the  diagonal  lines  marked 
"  velocity,  feet  per  minute,"  are  proportional  to  product  of 
velocity  and  corresponding  stress.  If  for  any  reason  one  de- 
sires to  allow  a  different  stress  than  according  to  Mr.  Lewis's 
rating,  the  remedy  is  to  multiply  the  horse-power  by  a  suitable 
factor.  In  regard  to  factors  given  for  other  gear,  it  needs  to  be 
understood  that  if  two  factors  apply  to  one  gear  the  two  factors 
should  be  combined.  Example :  A  shrouded  gear  is  neces- 
sarily a  rough  gear.  If  the  shrouding  of  a  pinion  increases  its 
horse-power  1.4  times,    and  a  rough    gear  is  of   only  0..5   the 
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capacity  of  a  cut  ^^ear,  we  have  0.5  times  1.4  -—  0.7  for  the  real 
factor. 

Example  :  An  electric  motor  is  to  be  connected  to  a  hoist 
by  gear  and  pinion.  The  normal  horse-power  of  motor  is  25, 
and  speed  800  revolutions  per  minute.  It  is  series-wound, 
and  will  transmit  a  greater  horse-power  for  a  short  time.  The 
hoist  is  suitable  for  this  motor,  but  the  men  who  may  have  to 
run  it  may  want  to  lift  a  much  heavier  load  than  originally 
planned  for.  This  extra  load  will  not  break  down  the  hoist 
because  of  the  factor  of  safety.  It  would  only  wear  it  out 
faster.  The  gears  must  fill  the  same  conditions.  They  must 
not  break  until  they  are  worn  enough  to  cause  their  renewal  on 
that  account  alone.  A  load  which  would  stall  the  motor  would 
blow  a  fuse,  and  the  safety  device  would  hold  the  load ;  but  five 
times  the  normal  torque  on  the  motor  might  pull  the  speed 
down  one-half,  and  if  the  fuse  did  not  blow,  or  circuit  breaker 
open,  the  load  might  be  lifted  at  that  speed.  This  would  be  2! 
times  the  normal  horse-power,  equal  to  62j  horse-power  at  400 
revolutions  per  minute.  The  gear  ought  to  be  able  to  handle 
any  load  which  the  motor  would  up  to  the  time  that  they  become 
so  badly  worn  as  to  need  renewing.  If  we  select  the  gear  for 
62 1  horse-j)ower  at  400  revolutions  per  minute,  we  will  be 
adopting  a  greater  fibre  stress  for  this  excessive  load  than  we 
would  if  we  selected  the  gear  for  62^  horse-power  at  800  revolu- 
tions per  minute,  the  normal  s^jeed.  This  is  j^roper  enough, 
because  the  motor  cannot  do  that  amount  of  work  as  a  regular 
thing,  and  therefore  there  would  not  be  a  corresponding  wear. 
On  the  other  hand,  this  stress  is  just  what  we  would  attain  if 
62^  horse-power  at  400  revolutions  per  minute  were  the  regular 
duty.  If  we  select  the  gear  for  62^  horse-power  at  800  revolu- 
tions per  minute  we  would  merely  be  assuming  that  the  speed 
was  constant,  and  that  we  sometimes  had  2^  times  the  normal 
torque,  whereas  we  assumed  that  we  might  have  5  times  the 
normal  torque.  Before  proceeding  we  will  refer  to  Mr.  Lewis's 
stresses.     He  gave  for  the  following  speeds  : 

Speeds 100 

Stresses 8,000 

We  know  that  Mr.  Lewis  was  connected  with  William  Sellers, 
and  that  William  Sellers  built  machine  tools  and  cranes.  The 
writer  does  not  consider  machine  tools  and  cranes  to  be  in  the 
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same  class.  He  tliinks  those  stresses  to  be  about  rio-lit  for 
machiue  tools,  but  rather  high  for  cranes.  We  will,  therefore, 
select  our  gear  for  G2  horse-power  at  400  revolutions  per 
minute  approximately,  and  consider  them  so  selected  as  pj-oper 
for  that  25  horse-power  electric  hoist.  The  velocity  ratio  is  to  be 
five,and  distance  between  centres  equals  18  inches  approximately. 
We  now  want  two  diameters,  which  shall  be  to  each  other  as  5 
to  1,  and  whose  sum  equals  2  x  18  =  36,  36  over  (5+1)  equals  6, 
6x1  =  6,  6x5=30,  30  +  6  =  36.  The  pinion  will  be  6  inches  di- 
ameter, and  the  gear  30  inches.  Velocity  equals  400  x  f|=630. 
Inspection  of  the  chart  shows  that  the  pinion  will  have  to  be 
of  steel.  The  table,  "Factors  for  other  gear,"  gives  for  steel 
2-5,  t|  =  25  horse-power  to  look  for  in  chart.  If  the  pitch  equals 
3  per  inch,  we  have  18  teeth.  The  gears  are  to  be  involute 
of  15  degrees  obliquity.  Keferring  to  the  chart,  under  diagonal 
marked  involute  15  degrees  and  cycloid,  start  at  vertical  line, 
middle  of  space,  between  20  and  30  horsepower,  Jine  figures. 
Follow  up  vertically  to  diagonal  for  18  teeth  ;  thence  across 
horizontally  to  diagonal  for  630  feet  velocity,  an  imaginar}-  line, 
between  600  and  700 ;  thence  down  vertically  to  horizontal  for 
3  pitch,  and  this  intersection  is  then  found  on  the  diagonal  for 
5i-iuch  face.  If  only  15  teeth  in  the  pinion  and  a  less  ratio  of 
face  to  pitch  were  preferred,  we  repeat  the  operation  and  get 
5:[-inch  face,  2h  pitch.  If  we  had  neglected  the  effect  of  chang- 
ing the  number  of  teeth,  we  would  have  simpl3^  followed  on  past 
the  3  per  inch  to  the  2^  per  inch  and  obtained  4^, -inch  face. 
But  the  modulus  of  the  section  for  same  pitch,  when  there  are 
15  teeth,  is  so  much  less  then  when  there  are  18  teeth,  that  we 
have  to  make  up  for  it  by  not  reducing  the  face  so  much.  We 
will  adopt  5]-inch  face  for  pinion,  and  5-inch  face  for  gear. 
The  motor  shaft  may  have  \  incli  end  play.  We  will  now  see  if 
the  gear  can  be  of  cast  iron.  Beginning  with  5-inch  face,  we 
follow  on  to  2i^  per  inch,  630  velocity,  75  teeth,  and  find  40 
horse-power.  We  wanted  62^  horse-power,  but  right  here 
appears  an  element  which  neither  Mr.  Lewis's  formula  nor  the 
chart  takes  cognizance  of;  that  is,  although  the  velocity  is 
the  same  for  both  pinion  and  gear,  yet  the  wear  will  be  about 
five  times  as  fast  on  the  pinion  as  on  the  gear,  l^ecause  the 
pinion  teeth  will  be  in  mesh  five  times  as  often  as  the  gear 
teeth.  On  this  account,  the  writer  proposes  to  adopt  cast  iron 
for  the  gear. 
8 
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By  this  somewliat  lengthy  example,  the  Avriter  hopes  to  have 
shown  that  the  chart  is  uot  expected  to  dispense  with  judgment, 
but  that  it  is  a  time  saver  and  that  the  range  of  judgment 
necessary  is  less  than  by  more  common  methods. 

The  writer  wishes  to  acknowledge  the  assistance  he  received 
from  Mr.  W.  S.  Dix,  and  the  courtesy  of  the  Crocker-Wheeler 
Electric  Company,  who  were  first  to  make  use  of  the  chart  in 
its  original  form. 

The  factors  for  other  gear  should  not  be  charged  to  JVIr. 
Lewis.  He  only  supplied  that  for  steel.  (The  others  were 
the  best  the  author  could  obtain.)  If  discussion  should  cause 
other  figures  to  be  substituted,  one  object  of  this  paper  would 
be  obtained. 

DISCUSSION. 

3Ir.  Chas.  L.  Griffin. — The  paper  by  Mr.  Mayo  needs  no 
apology  for  its  presentation.  The  remarks  and  chart  offered 
below  present  no  new  or  startling  method  of  gear  design,  the 
chart  being  less  pretentious  than  Mr.  Mayo's,  yet  I  feel  that 
compact  arrangement  of  data  is  always  sufficiently  valuable  to 
the  mechanical  engineer  to  warrant  its  being  rated  in  the  same 
class  with  more  original  matter. 

I  have  for  some  years  used  in  designing  gears  the  simple 
formula  IF  =  KCF,  in  which  W  =  load  in  pounds  at  pitch  line, 
C  =  circular  pitch  in  inches,  F  =  face  in  inches,  and  ^  ==  an 
empirical  factor,  ranging  fi'om  200  to  400  for  cast-iron  gears, 
according  to  conditions  of  service.  This  apparently  roiigh  and 
unscientific  rule  approaches  to  correctness  when  by  positive 
experience  the  factor  A"  is  determined  within  close  limits  for 
any  given  service,  and  the  value  so  found  used  only  for  gears 
subjected  to  that  particular  service.  For  example,  suppose  it  is 
found  that  the  cut  gears  in  the  hoisting  train  of  a  crane,  running 
with  a  peripheral  velocity  of  1,000  feet  per  minute,  give  good 
service  under  a  factor  K  =  350.  A  very  reasonable  assumption 
in  future  design  of  such  gears  w'ould  insert  this  value  in  the 
formula.  Again,  another  value  might  be  found  suitable  for 
machine  tools,  another  for  slow-speed  power  transmission,  and 
so  on. 

I  realized,  however,  that  the  basing  of  the  value  of  the  factor 
purely  on  experience  was  a  method  which  left  a  gear  under  new 
and  untried  conditions  without  a  definite  figure  for  the  factor. 
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Hence  the  advent  of  Mr.  Lewis's  data,  especially  in  its  loca- 
tion in  Kent's  Fockct-Bool'y'^'was  hailed  with  satisfaction  akin 
to  that  of  Mr.  Mayo.  The  general  formula  given  therein  is 
W  =  SCFY,  and  on  comjjarison  I  found  that  if  >S'y  was  equated 
to  K,  the  old  familiar  formula  given  above  would  be  realized. 
As  I  am  partial  to  charts,  I  at  once  set  about  to  make  one, 
wliich  might  or  might  not  have  taken  the  form  of  Mr.  Mayo's, 
had  not  a  careful  study  induced  me  to  discard  the  idea  of  plot- 
ting iibre  stress,   speed,  and  factor  for  shape  of   tooth.     The 
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complication  seemed  to  me  too  great  otherwise,  and  the  final 
diagram  showed  the  relation  between  four  quantities  only,  viz.: 
load,  pitch,  face,  and  factor  of  strength.  With  Mr.  Lewis's 
compact  table  at  hand  for  values  of  S  and  Y,  their  product,  by 
the  exercise  of  a  simple  mental  process,  at  once  gives  K,  which 
is  read  on  the  chart. 

The  chart  as  herewith  (Fig.  37 1  presented  was  published 
under  my  signature  in  Mackinery  of  September,  1896,  with  a 
short  description  of  its  use.  The  face  widths  assumed  as  a  basis 
represent  good  average  practice,  and  the  proportional  lines  for 
modifying  these  widths  give  as  great  range  as  is  desirable  for 
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any  possible  case.  "When  these  proportional  lines  are  nsed  the 
factor  of  strength  is  read  off  the  top  of  the  chart  instead  of  the 
side.  In  this  way  some  reasonable  combination  of  pitch  and 
face  for  the  given  load  and  factor  can  readily  be  found.  It  was 
considered  that  the  range  of  pitches  given  on  the  chart  was  as 
great  as  required  for  ordinary  power  work.  The  range  of  load 
and  factors  can  be  extended  indefinitely  by  reading  multiples  of 
those  given  on  the  chart.  For  example,  a  load  of  2  x  2,000  on 
a  2-inch  circular-pitch  gear  would  give  a  factor  of  strength  of 
2  X  250. 

I  tliink  Mr.  Mayo's  chart  tries  to  do  too  much.  Foi-  my  own 
personal  use  it  is  too  fine  lined.  Moreover,  it  is  restricted  to 
the  use  of  the  Lewis  data.  My  chart  is  general,  in  that  the 
factor  can  be  made  up  at  pleasure  from  the  Lewis  data  or  that 
of  any  other  authority.  It  serves  as  an  excellent  means  of  com- 
paring several  different  authorities. 

Mr.  Mayo  reads  his  chart  in  horse-power,  and  has,  I  suppose, 
good  reasons  for  it.  I  believe,  however,  the  most  general  and 
satisfactory  way  to  be  to  read  the  actual  tooth  load.  The 
transformation  is  simple,  either  way,  but  the  tooth  load  read- 
ing has  some  advantage  in  simplifying  the  chart. 

3Ir.  John  B.  Mayo.* — In  view  of  the  possible  discussion  of 
the  stress  allowed,  I  offer  Fig.  38. 

The  round  dots  mark  the  Lswis  stresses.  The  dotted  curve 
is  an  equilateral  hyperbola,  and  shows  by  comparison  with  the 
round  dots  how  near  the  Lewis  stresses  come  to  making  the 
velocity  useless  in  figuring  the  horse-power. 

That  is  to  ssly  :  If  the  allowable  stress  were  inversely  as  the 
velocity,  we  would  find  that  in  a  train  of  gears  we  would  get  the 
high-speed  gears  as  large  as  the  low-speed  gears,  notwithstand- 
ing the  lower  tooth  load.  The  other  extreme  would  be  to 
select  all  gears  by  common  formulas  wherein  the  stress  is  con- 
stant, independent  of  velocity.  Such  a  condition  would  be  met 
by  a  horizontal  line. 

It  has  been  pointed  out  to  me  that  if  a  train  of  gears  consist- 
ing of  two  pairs,  each  pair  being  of  same  diameter  and  velocity 
ratio,  but  the  velocity  at  pitch  line  being  700  feet  per  minute 
for  one  pair,  and  1,500  feet  per  minute  for  the  other,  were 
selected  by  the  chart  without  modification,  that  the  j)itch  and 

*  Added  after  adjourument. 
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face  of  the  liioh-speed  pair  Avero  nearly  as  great  as  of  the  low- 
speed.  I  argued  that,  for  work  subjected  to  severe  shock,  as  in 
cranes,  if  it  were  not. so,  the  high-speed  gears  would  be  the 
first  to  break,  for  they -would  become  worn  faster,  and  having 
been  woru  an  equal  amount,  it  Avould  be  more  effective  on  the 
originally  thinner  teeth. 

For  steady  work,  as  in  pumps,  I  am  now  inclined  to  think 
that  a  curve  like  the  full  line  will  give  better  results  than  the 
Lewis'  stresses,  and  I  hope  at  some  future  time  to  make  a  new 
chart  for  use  in  power  or  electric  pumps. 

I  think  this  an  improvement  over  that  at  Fig.  37.     The  diam- 
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eters  corresponding  are  6  and  30,  therefore  velocity  becomes 
630. 

I  *  appreciate  Mr.  Griffin's  discussion,  but  I  am  disappointed 
in  that  no  one  attacked  w^hat  seemed  to  me  to  be  the  Aveaker 
points. 

The  efficiency  of  any  time-saving  device  depends  upon  the 
conditions  under  Avhich  it  is  handled,  and  the  familiarity  Avith 
it  of  the  persons  Avho  use  it. 

I  endeavored  to  show  that  while  the  chart  w-as  not  expected 
to  dispense  with  judgment,  it  did  not  preclude  it. 

Mr.  Griffin  admits  the  value  of  the  Lewis  data,  and  refers  to 


*  Author's  closure  under  the  rules. 
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their  applicability  in  Kent's  Pocket-Book,  and  their  use  in  deter- 
mining the  factor  Tv'in  his  formula. 

For  my  o^v\\  individual  practice,  if  I  desire  to  solve  a  simple 
formula,  such  as  WKCF,  I  would  use  a  slide-rule  onl}-.  But 
see*  how  much  this  factor  K  means.  It  includes  the  Lewis 
factor  }',  which  varies  from  .lo-t  to  .052  in  extreme  cases,  and 
from  .l'2-l  to  .067  in  everyday  cases.  As  this  is  a  positive  quan- 
tity and  the  designer  cannot  change  it,  I  think,  if  a  chart  is 
used,  that  the  factor  F  should  l)e  included  in  the  chart.  If,  as  I 
have  it,  included  under  "  Xo.  Teeth,"  no  one  needs  to  inquire 
its  value.  It  is  enough  to  know  that  whatever  it  may  be,  it  is 
there,  and  not  to  be  considered  elsewhere. 

It    seems    to    me    that    the   factor   K   must   have    a   greater 

.067       215 
range  than  200  to  400  for  *|^  =  -^  approximately,  not  to  men- 
tion other  variables. 

It  is  because,  for  anything  other  than  rough  guess  work,  a 
table  of  factors  or  a  chart  becomes  necessary  to  supplement 
a  slide-rule  that  I  prefer  to  use  a  chart,  and  when  looking  at  a 
chart,  we  might  as  well  read  off  the  final  result  at  once  if  possible. 

But  complete  standard  data  serve  a  yet  more  important  pur- 
pose. They  allow  a  chief  to  make  use  of  assistants  who  may 
not  be  as  well  qualified  to  use  judgment,  and  even  for  those 
who  may  be  better  qualified,  it  is  desirable  that  there  should  be 
uniformity  in  details  for  similar  machines. 

An  expert  draughtsman  will  often  be  slow  in  his  work  if  he 
is  confident  that  his  chief  will  change  his  design  when  he  comes 
around  to  look  at  it. 

Consistency  in  a  chiefs  judgment  plays  an  imj^ortant  part  in 
the  accomplishment  of  much  useful  work,  and  the  giving  out  of 
standard  data  to  subordinates  is  an  efficient  means  to  this  end. 

In  regard  to  the  fine  scale,  I  may  say  that  original  tracing  is 
10  inches  by  16  inches. 

I  have  never  used  teeth  of  20  degrees  obliquity  or  radial 
flanks,  and,  in  making  another  chart,  dispensing  with  these 
would  allow  of  smaller  size  and  larger  scale. 
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DCCLIX.* 

THE     VALUATION    OF    TEXTILE    MANUFACTURIXG 

PROPERTY. 

Bl:    CHAltLES   T.    MAIN.   BOSTON,    MASS. 

(Member  of  the  Society.) 

The  engineer  is  called  upon  to  place  valuations  upon  manufac- 
turing property  for  various  purposes,  as  buying  or  selling,  raising 
money  upon  or  bonding  a  property,  rental,  taxes,  insnrance,  ad- 
justment of  losses  by  fire  or  accident,  and  condemnation  where 
private  or  corporate  property  is  taken  by  the  State  or  town  for 
public  improvements. 

I  shall  confine  my  remarks  to  the  valuation  of  textile  manufac- 
turing plants,  and  property  usually  connected  therewith  ;  but  the 
same  principles  will  hold  good  in  the  value  of  other  properties, 
the  application  being  made  to  suit  the  peculiar  conditions  of  the 
business  nnder  consideration. 

The  court  in  Massachusetts  has  established  that  the  true  value 
of  a  property  is  its  market  value,  and  substantially  that  the 
market  value  is  such  a  sum  as  one  party  who  has  the  capital, 
and  who  desires  to  purchase,  is  willing  to  pay  for  a  plant,  the 
owner  being  willing,  but  not  forced,  to  sell. 

It  would  seem  at  the  first  glance  that  there  should  be  but  one 
value  for  a  plant  for  any  or  all  purposes,  and  that  value  should 
be  its  market  value.  This  is  the  value  which  is  most  important 
of  all,  and  upon  which  all  other  values  largely  depend. 

MARKET  VALUE. 

Let  us  therefore  consider,  first,  what  is  the  "  market  value  " 
of  a  plant,  and  what  elements  enter  into  the  determination  of 
such  a  value. 

The  3Iethods  of  Determining  Value. — There  are  a  great  man}' 
who  place  more  confidence  in  the  off-hand  estimate  of  the  practi- 
cal business  man  than  in  a  careful  estimate  of  value  by  an  ac- 
countant or  engineer  ;  but  if  the  latter  combines  with  his  careful 

*  Presented  at  the  New  York  meeting  (December,  1897)of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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weighing  of  each  elemeut  which  enters  into  the  whole  jDlant  a 
general  business  knowledge  and  a  large  quantity  of  common 
sense,  the.  result  will  be  nearer  the  truth  than  the  off-hand  value 
which  has  considered  these  elements  in  a  general  way  only.  It 
is  not  unlikely  that  the  results  might  agree  very  closely,  thus  con- 
firming the  opinions  and  judgment  of  both. 

By  whichever  method  the  value  is  determined,  there  must  en- 
ter into  it,  either  consciously  or  unconsciously,  certain  fundamental 
elements  which  determine  its  value. 

Comijarison  ivith  Other  Properties. — The  prices  brought  for 
small  pieces  of  property,  as  house-lots,  houses,  and  such  properties 
as  are  being  sold  frequently,  are  a  measure  of  value  for  compari- 
son of  adjacent  and  similar  pieces  of  property ;  but  the  sale  of  a 
large  plant  is  not  an  every-da}^  occurrence,  in  fact  it  is  a  very 
rare  occurrence ;  and  the  conditions  which  have  made  the  sale 
necessary,  and  which  surround  the  sale,  and  of  the  plant  itself, 
are  usually  such  that  the  prices  realized  cannot  be  used  as  com- 
parative in  determining  the  actual  value  of  another  somewhat 
similar  plant  surrounded  by  other  conditions. 

Elements  of  Value. — Into  the  market  value  of  a  plant  enters 
the  broad  element  of  location,  with  its  varying  hours  and  price 
of  labor  ;  skill  and  abundance  or  scarcity  of  operatives ;  cost  of 
transportation  of  raw  materia],  supplies,  and  finished  product; 
cost  of  fuel  or  power;  cost  of  construction  and  equipment;  and 
rate  of  taxation.  Also  the  narrower  and  more  restricted  element 
of  the  physical  condition  of  the  j^lant  and  its  relative  value  to  a 
new  plant  constructed  upon  modern  principles,  and  constructed 
with  all  regard  to  the  economical  production  of  a  finished  product 
of  the  best  quality  of  the  goods  manufactured.  The  standard  of 
value  should  be  a  modern  mill  constructed  as  described  above, 
and  located  so  as  to  avail  itself  of  as  many  combined  advantages 
as  possible. 

The  ultimate  value  of  a  plant  is  its  capability  of  producing  a 
profit,  and  into  the  possibility  of  producing  a  profit  enter  all  of 
the  above  items  and  perhaps  some  not  mentioned. 

Mcinagement. — The  question  of  management  is  a  personal  one, 
and  must  not  enter  into  the  problem,  except  so  far  as  to  make 
sure  that  with  good  management  the  business  would  be  success- 
ful. The  business  of  a  large  and  valuable  plant  might  be  con- 
ducted in  such  a  manner  as  not  to  realize  a  profit ;  but  it  might, 
nevertheless,  have  great  value,  and  would  bring  a  large  amount 
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if  offerecl  for  sale.  Oil  the  other  haud,  a  pkint  uot  nearly  so  valu- 
able might,  with  skilful  and  close  management,  yield  a  profit; 
but  if  oifered  for  sale  would  bring  very  little.  Although  the  past 
profits  of  a  concerii  will  have  some  influence  in  determining  its 
value,  they  are  uot  a  measure  of  its  value ;  because  a  purchaser 
might  by  different  management  reverse  the  profit  or  loss,  or  the 
changes,  real  or  anticipated,  in  trade  might  do  the  same  thing. 
We  must  therefore  eliminate  as  far  as  possible  all  personal  equa- 
tions from  the  problem. 

Choice  (>f  Location. — Textile  manufacturing  requires  consider- 
able power ;  the  cost  of  labor  is  a  large  part  of  the  value  of  the 
product ;  the  labor  must  be  skilled  to  produce  a  satisfactory  pro 
duct;  and  the  cost  of  transportation  of  raw  materials  and  finished 
products  is  considerable.  All  of  these  items  require  attention  in 
estimating  the  value  of  a  plant  with  reference  to  its  location.  If 
a  new  plant  is  to  be  built,  all  of  these  can  be  weighed  approxi- 
mately ;  but  if  an  existing  plant  is  to  be  valued,  the  relative  cost 
and  effect  of  the  fixed  location  with  that  of  the  more  favored  one 
must  be  determined  as  nearly  as  possible. 

It  is  the  balance  of  the  sum  of  these  items  in  favor  of  the  South 
which  has  caused  the  rapid  increase  of  southern  mills  in  the  last 
two  or  three  years,  and  which  has  caused  the  northern  cotton 
manufacturers  of  a  certain  class  of  goods  to  locate  their  new  mills 
there  in  preference  to  the  North. 

There  exist  there  the  following  advantages :  in  some  loca- 
tions, less  cost  for  transportation  of  raw  materials  and  finished 
products,  low-priced  fuel,  low  rates  of  taxation,  longer  hours  of 
labor  at  a  less  price  than  in  the  jSTorth.  This  last  item  of  advan- 
tage may  in  time,  if  there  is  a  great  demand  for  labor,  adjust  it- 
self, so  that  there  will  be  no  advantage  in  this  particular  over  the 
northern  mills. 

The  most  skilful  employees  in  the  North  are,  as  a  rule,  found 
in  the  large  manufacturing  centres,  and,  of  course,  are  more 
numerous  there,  and  the  concern  is  not  dependent  upon  a  very 
limited  few  for  its  operation.  The  operatives  enjoy  living  in  a  live, 
bustling  place,  where  there  is  excitement  and  entertainment, 
rather  than  in  some  quiet  country  place.  Whether  it  is  better  for 
them  or  not  does  not  enter  into  the  question.  On  the  other 
hand,  the  smaller  concerns,  located  in  the  country  or  in  a  small 
town,  can  hire  their  help  at  a  somewhat  lower  price  than  at  the 
larger  manufacturing  centres,  and  are  freer  from  labor  troubles. 
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On  geDeral  principles,  I  sliould  say  that  the  balance  would  be 
in  favor  of  the  larger  districts. 

Transpo)iaiio7i.  —  The  cost  of  transportation  is  more  definite 
and  tangible.  Although  it  varies  somewhat  from  time  to  time,  it 
is  not  very  likely  that  tliere  will  be  any  radical  change  unless  by 
the  construction  of  new  railroads  or  canals. 

The  weight  of  the  raw  materials  and  the  finished  product  in  a 
cotton  mill  are  approximately  the  same,  and  in  a  woollen  and 
worsted  mill  the  weight  of  the  finished  product  is  less  than  the 
weight  of  the  raw  material,  varying  with  the  fineness  of  the  prod- 
uct. It  is  desirable,  then,  that  the  mills  be  located  so  that  the 
cost  of  freight  on  the  raw  material  shall  be  as  low  as  possible, 
other  things  being  equal,  and  that  the  distance  to  the  consumer 
in  time  and  distance  shall  be  small. 

The  item  of  carting  is  in  some  instances  a  very  considerable 
expense.  Unless  the  mill  is  located  on  a  side  or  spur  track,  or 
on  navigable  water,  it  may  be  necessary  to  do  a  large  amount  of 
carting.  This  is  usually  one  of  the  drawbacks  connected  with 
the  development  and  use  of  a  water  power  situated  at  a  distance 
from  the  railroad.  The  difference  in  cost  of  teaming  between  a 
location  on  a  branch  track  and  a  location  at  considerable  distance 
is  a  definite  amount,  which,  if  known,  can  be  used  in  the  deter- 
mination of  the  value  of  the  plant,  and  the  extra  cost  of  trans- 
portation can  also  be  treated  in  the  same  manner. 

The  effect  upon  the  values  of  a  property  of  excessive  charges 
for  carting  and  freight  is  to  reduce  its  value,  and  the  amount  of 
reduction  will  vary  somewhat,  according  to  the  return  which  a 
man  or  corporation  is  satisfied  with.  I  should  say  that,  taking 
into  consideration  the  uncertainties  of  the  future,  one  would  be 
warranted  in  making  an  expenditure  which  promised  a  return  of 
ten  per  cent,  on  his  investment.  That  is,  if  a  person  is  consider- 
ing the  purchase  of  a  property,  and  finds  that  the  extra  cost  of 
carting  and  freight  would  be  $1,000  more  a  year  at  the  fixed 
location  of  the  mill  than  at  many  other  locations  which  might 
be  chosen  for  a  new  mill,  with  all  other  conditions  equally  as 
good,  that  he  would  say  that  he  could  afford  to  pay  $10,000  more 
for  a  mill  at  the  more  favored  location  than  for  the  one  under 
consideration ;  or  if  the  mill  is  to  be  purchased  with  this  incum- 
brance upon  it,  that  its  value  would  be  $10,000  less  than  if  situ- 
ated at  the  more  favored  location. 

The  situation  is  equivalent  to  the  mill  having  a  mortgage  upon 
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it  which  requires  the  payment  of  $1,000  a  year  for  all  time,  and 
the  net  value  of  the  property  to  a  purchaser  is  its  full  value  less 
the  amount  equivalent  to  the  $1,000  tax. 

Centres  of  Trades.— ll\\eve  are  certain  locaHcies  which  have  be- 
come centi-es  for  certain  classes  of  work,  where  skilled  workmen 
in  their  particular  trades  are  in  abundance,  and  which  may  have 
other  distinct  advantages.  There  may  be  a  choice  between  sev- 
eral centres  devoted  to  the  same  class  of  work,  the  balance  of  the 
sum  of  all  the  advantages  being  in  favor  of  one  particular  place. 
Into  this  sum  enter  the  items  explained  before,  and  some  other 
items  which  can  be  determined  quite  closely  in  money  value. 

Tayes.—T\\ii  rate  of  taxation  and  the  method  of  valuation  for 
taxes  may  afford  a  decided  advantage  to  some  particular  location. 
This  is  a  part  of  the  fixed  charges  of  the  plant  which  is  always 
visible,  and  which  goes  on  whether  the  business  goes  on  or  stops ; 
and  the  value  of  a  plant  to  a  person  free  to  purchase  and  locate 
at  the  place  under  consideration,  or  in  any  other  location,  is 
affected  by  the  amount  of  taxes  levied  upon  the  concern. 

In  the  same  way  as  for  greater  cost  for  transportation,  the 
greater  cost  for  taxes  would  warrant  an  expenditure  of  an  amount 
which  would  return  an  income  of  about  10  per  cent.,  and  would 
therefore  decrease  the  value  to  a  prospective  purchaser  by  that 

amount.  , 

Mtinicipal  Government— K  more  remote  item,  and  one  whicli 
cannot  be  figured  in  doUars  and  cents,  is  the  general  character  of 
the  municipal  government  and  its  attitude  towards  industrial 
enterprises.  In  most  towns  or  cities  at  the  present  time  there 
is  an  attempt  to  attract  manufacturers  by  concessions  direct  or 
indirect.  There  are  other  places  which  do  not  care  to  have 
manufacturing  establishments  within  their  limits,  and  others  in 
which  there  is  an  undercurrent  towards  crowding  the  various  in- 
dustries, and  making  them  pay  the  largest  amount  of  the  taxes 
which  they  will  stand,  for  which  they,  as  corporations,  receive 
verv  little  direct  benefit. 

Cost  of  Construction.— The  cost  of  construction  in  one  place 
may  be  less  than  in  another,  and  the  purchaser  having  his  choice 
of  locations  should  consider  the  effect  of  this  item.  Clearly,  if  all 
other  things  are  equal,  one  could  not  afford  to  pay  any  extra 
char-e  for  construction  and  equipment  of  the  mill  more  than  the 
cost  at  the  most  favored  location,  and  the  value  of  an  established 
plant  must  be  diminished  by  an  amount  which  represents  the  dif- 
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ference.  This  sum  stands  for  itself,  with  210  capitalization,  and  is 
probably  as  definite  as  any  which  goes  into  the  sum  total.  The 
difiereuce  can  be  obtained  by  investigation  of  the  costs  of  material 
and  labor,  and  the  costs  of  machinery  and  supplies,  erected  aud 
ready  to  run. 

Cost  of  Power. — The  cost  of  power,  wliicli  is  another  one  of  the 
hxed  and  general  expenses  of  a  mill,  has  always  Ijeen  a  problem 
in  the  determination  of  a  site.  Cheap  fuel  is  to  be  desired,  es- 
pecially where  large  quantities  of  steam  are  required  for  other 
purposes  than  power.  The  location  in  which  coal  can  be  pur- 
chased at  a  low  cost  has  a  distinct  and  definite  advantage  in  this 
respect  over  the  location  in  which  the  fuel  cost  is  large.  Between 
mills  driven  by  steam  power  alone  this  item  can  be  closely  esti- 
mated and  the  proper  deduction  of  value  made  to  a  purchaser,  or 
the  amount  estimated  which  he  can  afford  to  expend  for  the  sake 
of  getting  the  cheaper  fuel. 

Water  Power. — It  very  often  happens  that  a  mill  whose  value 
is  under  consideration  is  driven  partially  by  water  ])ower — very 
rarely  is  it  di'iven  wholly  by  water  power — and  the  approximate 
estimate  of  the  value  of  the  power  must  be  made. 

The  value  of  a  water  power  has  been  fully  discussed  by  the 
w^riter  in  a  paper  before  the  American  Society  of  Mechanical 
Engineers,  vol.  xiii.,  cccclxxi.,  and  will  not  be  treated  in  detail 
here ;  but  some  portions  will  be  repeated,  with  the  conclusions 
drawn,  and  some  further  remarks  made. 

It  is  easier  to  determine  the  value  for  a  specific  business  than 
in  a  general  way. 

The  essential  points  which  must  be  considered,  as  to  whether 
an  undeveloped  power  can  be  developed  and  used  to  a  greater 
profit  than  any  particular  business  or  the  general  run  of  business 
could  be  conducted  elsewhere  with  a  different  source  of  power, 
are  as  follows  : 

Quantity  of  water,  uniformity  of  flow,  head,  conditions  affect- 
ing the  cost  of  construction,  freight  charges,  use  of  exhaust 
steam,  need  of  water  for  other  purposes  than  power,  and  more 
uniformity  of  speed  attainable  from  steam  power  than  from  water 
powder. 

The  determination  of  the  flow  is  not  always  easy.  The  flow 
can  be  measured  at  intervals,  but  a  continuous  record  is  needed 
to  get  at  the  flow  with  much  exactness.  In  many  places  no 
records  are  kept  which  are  of  any  value,  and  the  only  recourse  is 
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to  estimate  the  flow  from  the  rainfall  and  character  of  the  water- 
shed, and  by  comparison  with  existing  records  of  similar  streams. 

The  power  which  has  the  most  value  is  one  which  has  a  flow 
during  a  dry  year  which  is  nearly  constant,  or  Avhicli  can  be  made 
so  bv  storage  basins,  and  which  requires  no  augmentation  from 
other  sources.  Its  value  can  be  determined  by  comparison  with 
the  cost  of  uniform  power  produced  in  a  fairly  economical  manner, 
at  any  place  or  places  equally  convenient  to  the  place  at  which  the 
water  power  is  located,  for  the  transaction  of  the  business  under 
consideration. 

The  value  of  an  undeveloped  constant  water  power  is  such  a 
sum  as  when  put  at  a  proper  rate  of  interest,  say  10  per  cent., 
will  pay  the  difference  in  cost  between  steam  and  water  power, 
all  items  of  cost  being  considered. 

A  power  which  is  variable,  and  which  cannot  be  depended  upon 
throughout  the  year,  has  of  course  less  value  than  one  which  is 
constant.     In  such  a  case  the  items  for  consideration  are  : 

The  maximum,  minimum,  and  average  quantity  of  water,  and 
length  of  time  when  there  is  no  water  ;  all  the  other  items  which 
enter  into  the  vahie  of  a  uniform  power ;  necessity  in  nearly  all 
cases  for  a  supplementary  steam  plant,  with  the  expense  of  main- 
tenance and  running  for  a  portion  or  all  of  the  time. 

The  value  of  an  undeveloped  variable  power  is  little  or  nothing 
if  its  variation  is  great,  unless  it  is  to  be  supplemented  by  a  steam 
plant.  It  is  of  value  then  only  when  the  cost  per  horse-power 
for  the  double  plant  is  less  than  the  cost  of  steam  power  under 
the  same  conditions  as  mentioned  for  a  permanent  power,  and  its 
value  can  be  represented  in  the  same  manner  as  the  value  of  a 
permanent  power  lias  been  represented. 

To  determine  the  market  value  of  such  a  power  which  has  been 
developed,  it  will  be  necessary  to  consider  the  power  by  itself,  in- 
dependent of  the  plant;  that  is,  to  determine  first  the  value  of  the 
power  as  though  it  were  undeveloped,  and  then  to  determine  the 
value  of  the  improvements.  The  sum  of  both  will  represent  the 
value  of  the  power  as  developed. 

It  might  happen  in  some  cases  that  the  value  of  the  privilege 
would  be  a  minus  quantity,  but  that  the  value  of  the  improve- 
ments more  than  offset  that,  thus  making  it  of  value  in  the  devel- 
oped state. 

The  cost  of  developing  a  power  originally  will  not  always  repre- 
sent the  value  of  the  improvements,  except  in  so  far  as  it  relates 
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to  the  character  of  the  work  done.  Consideriug  the  work  properly 
and  substantially  done,  the  value  of  that  Avork  immediately  after 
completion  may  not  be  represented  by  its  cost.  A  certain  power 
may  cost  to  develop  twice  as  much  as  another  of  equal  power, 
the  difference  in  cost  being  due  to  difference  in  head  or  some 
other  natural  cause  ;  but,  all  other  things  being  equal,  the  one 
which  cost  double  has  no  more  value  than  the  other,  because  it 
produces  no  more. 

The  value  would  depend  largely,  however,  upon  the  character 
of  the  work  done  and  the  condition  of  the  dam,  canal,  and  wheel 
plant.  If  any  portion  required  renewing  soon,  the  value  would 
be  lessened ;  and  if  a  general  renewal  of  all  the  plant  were  neces- 
sary, the  value  would  then  be  practically  the  same  as  though  it 
were  undeveloped. 

The  actual  value  of  a  plant  would  depend  upon  the  amount  of 
depreciation  which  had  taken  place ;  or,  better,  upon  the  number 
of  years  which  it  would  run  without  renewing. 

The  value  of  the  plant  will  be  its  cost,  less  depreciation,  up 
to  the  jDoint  where  the  cost  of  water  power  equals  that  of  steam 
power ;  for  it  would  be  justifiable  to  make  an  expenditure  up  to 
an  amount  which  would  give  as  good  financial  returns  as  any 
other  source  of  power.  Beyond  this  point,  when  water  power 
costs  more  than  steam  power,  the  value  of  the  improvements 
would  not  be  represented  by  their  cost. 

The  value  of  a  developed  power  is  as  follows  :  If  the  power 
can  be  run  cheaper  than  steam,  the  value  is  that  of  the  power 
plus  the  cost  of  the  plant,  less  depreciation.  If  it  cannot  be 
run  as  cheaply  as  steam,  considering  its  cost,  etc.,  the  value  of 
the  power  itself  is  nothing;  but  the  value  of  the  plant  is  such  a 
sum  as  could  be  paid  for  it  new,  which  would  bring  the  total 
cost  of  running  down  to  the  cost  of  steam  power,  less  deprecia- 
tion. That  is,  it  is  worth  just  what  can  be  gotten  out  of  the 
plant,  and  no  more. 

Although  the  water  may  have  no  value  for  power,  it  may 
have  considerable  value  for  dyeing  and  washing  purposes,  and 
its  value  for  these  purjjoses  can  be  based  upon  the  charges 
made  for  such  water  in  manufacturing  centres  where  the  water 
is  suitable  for  such  purjDoses. 

If  low-pressure  steam  is  required  for  heating  purposes,  and 
exhaust  steam  can  be  used,  the  heat  thus  saved  should  be  cred- 
ited to  the  cost  of  coal  for  running  the  substitute  plant,  and  the 
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cost  of  attendance  should  be  proportioned  between  cost  of 
power  and  cost  of  heating. 

In  order  to  have  a  standard  of  value  for  comparison  of  costs, 
it  is  necessary  to  estimate  the  cost  of  producing  a  constant 
power  by  water  alone,  if  the  water  power  is  constant,  such  as 
that  at  Niagara  Falls,  on  the  present  development  for  power,  or 
by  water  power  supplemented  by  steam  power  at  such  times  as 
are  necessary  to  produce  a  uniform  power,  and  to  compare  this 
with  the  cost  of  producing  a  constant  and  equal  amount  of 
power  by  stead  alone.  There  may  be  some  exceptions  to  this 
rule  wliere  the  power  to  be  used  is  not  required  to  be  abso- 
lutely' constant,  as  for  a  saw  mill,  grist  mill,  and  certain  kind  of 
paper  mills,  where  a  large  stock  of  pulp  is  ground  up  in  the  wet 
season  and  stored  for  use  in  summer. 

In  nearly  all  cases  to  be  considered,  the  power  is  variable, 
and  no  true  comparison  of  its  value  can  be  made  until  it  is  made 
constant  by  some  supplementary  power,  at  least  for  textile  manu- 
facturing, which  requires  a  uniform  power.  It  is  the  result  of 
omitting  this  important  factor  in  the  value  of  a  water  power  which 
causes  the  values  given  oftentimes  to  appear  beyond  reason. 

In  estimating  the  damages  by  reason  of  diversion  of  water 
power,  it  is  customary  to  capitalize  the  difference  in  cost  in 
favor  of  water  or  against  steam  power  at  about  5  per  cent.  This 
damage  has  been  done  against  the  owner's  wishes,  and  he  is  en- 
titled to  a  capitalization  at  a  smaller  rate  than  would  be  done 
in  an  investment  where  the  purchaser  is  of  his  own  free 
will  assuming  certain  risks,  as  damages  caused  by  freshets, 
which  he  will  not  assume  for  nothing.  He  is  also  basing  his 
comparisons  upon  the  steam  plant  with  its  present  efficiency. 
For  these  reasons  the  difference  in  favor  of  water  poAver  should 
be  capitalized  at  not  less  than  10  per  cent. 

It  is  not  impossible  that  some  cheaper  source  of  power  may  be 
discovered,  thus  destroying  our  present  standard  for  large  powers. 
For  small  powers  we  already  have  the  gas,  gasoline,  and  oil  en- 
gines, and  in  some  places  electric  power  can  be  bought.  An}'  of 
these  may  be  used  as  a  standard  of  value  if  adapted  to  the  work 
and  circumstances. 

PHYSICAL  PROPERTIES   AND   VALUE   OF  A   PLANT. 

The  valuation  of  property'  as  made  by  different  individuals  will 
vary  according  to  their  ideas  of  the  pro]>er  return  to  be  obtained 
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from  sueli  propert}'',  and  upon  their  juclgmont  as  to  the  proper- 
amount  of  depreciation  to  bo  allowed.  In  determining  such  a 
valuation,  comparison  must  be  made  with  the  cost  of  a  new  and 
model  plant,  and  between  the  costs  of  operating  the  old  and  new 
plants  in  so  far  as  the  organization  of  the  old  plant  is  detrimental 
to  economical  running,  when  such  poor  organization  cannot  be 
rectified.  When  it  can  be  chaoged  to  a  proper  organization,  the 
cost  of  making  this  change  must  be  deducted  from  its  value  if 
such  defects  did  not  exist. 

The  value  depends  primarily,  but  not  necessarily,  on  the  first 
cost  of  the  property  under  consideration,  which  might  have  been 
excessive  at  the  time  of  its  inception ;  nor  necessarily  upon  the 
first  cost  to-day  of  a  plant  identical  to  the  one  under  considera- 
tion ;  for  a  smaller  plant,  owing  to  improvements,  might  be  in- 
stalled to-day  which  would  produce  the  same  results  as  the  one 
under  consideration.  The  first  cost  to  be  used  in  comparison, 
then,  is  the  cost  to-day  of  a  plant  which  will  produce  equal  results 
in  quantity  and  quality  as  the  one  under  consideration. 

Buildings. — The  value  should  be  determined  by  comparison 
with  the  cost  to-day  of  a  new  structure  with  all  the  modern  and 
improved  ideas  with  regard  to  style  of  construction,  large  amount 
of  window  area,  arrangement  and  size  of  rooms  and  buildings 
with  reference  to  convenience  and  cost  of  operation  and  space 
occupied. 

A  mill  or  building  with  the  old  style  of  joisted  construction, 
with  low  stories  and  small  windows,  and  with  a  large  number  of 
small  rooms,  even  if  new,  would  not  have  the  value  of  a  modern 
mill  building,  with  higher  stories,  large  percentage  of  window 
area,  and  large,  clear  floor  areas. 

To  get  the  selling  value  of  a  building,  the  cost  of  a  new  and 
modern  building  should  be  depreciated  : 

First.  For  the  difference  in  style  of  construction. 

Second.  For  lack  of  light,  which  makes  it  necessary  to  produce 
more  artificial  light. 

Third.  For  the  amount  of  floor  space  which  is  unavailable,  due 
to  the  subdivision  of  the  space  or  to  the  style  of  construction. 

Fourth.  For  the  increased  cost  of  operation  due  to  inconve- 
nience of  arrangement  of  rooms  or  buildings. 

Fifth.  For  the  increase  in  cost  of  insurance  over  that  on  a 
modern  mill. 

Besides  the  actual  cost  of  producing  artificial  light  where  it  is 
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dark,  which  can  be  estimated,  there  is  a  loss  due  to  a  little  less 
production,  also  because  the  production  is  not  fully  equal  in  qual- 
ity to  that  made  where  there  is  plenty  of  daylight. 

The  amount  of  this  depreciation  for  the  difference  in  style  of 
construction  would  vary,  decreasing  as  the  building  approaches 
in  strength,  form,  and  convenience  that  of  a  modern  structure. 
The  depreciation  for  lack  of  light  can  be  determined  if  it  is 
known  how  much  more  artificial  light  must  be  burned,  and  the 
extra  expense  of  the  same,  and  capitalizing  this  at  the  proper  rate 
of  interest.  The  depreciation  for  inconvenience  and  extra  cost 
of  running  could  be  determined  if  the  extra  cost  of  running  is 
capitalized  at  tlie  proper  rate.  The  depreciation  for  unavailable 
floor  space  is  just  the  percentage  which  cannot  be  used.  The 
depreciation  on  account  of  higher  insurance  rates  can  be  esti- 
mated by  ascertaining  at  what  rate  the  factory  insurance  com- 
panies would  take  the  risk  with  buildings  constructed  according 
to  their  ideas,  and  to  find  the  difference  between  the  cost  of 
insurance  on  the  old  plant  and  the  new  one.  This  difference 
•would  represent  interest  on  a  sum  which  one  could  afford  to  lay 
out  on  new  buildings,  or  the  sum  which  the  old  buildings  should 
be  depreciated  on  this  account. 

The  proper  rates  at  which  to  capitalize  these  amounts  would 
vary  according  to  the  idea  which  a  person  might  have  as  to  a 
satisfactory  return  for  money  expended.  It  is  safe  to  say  that 
anv  one  would  be  willing  to  make  an  expenditure  towards  a  new 
building  which  would  return  10  per  cent,  gross  on  the  invest- 
ment. If  an  old  building  is  replaced  by  a  new  one,  the  charges 
for  taxes,  insurance,  and  depreciation  will  be  no  more,  and  proba- 
bly less,  than  for  the  old  building. 

From  the  above  it  appears  that,  if  the  extra  expense  in  total 
cost  of  running  due  to  the  inconvenience  of  the  building  is  10  ])er 
cent,  of  the  cost  of  new  buildings,  the  buildings  are  valueless  for 
the  purpose  to  which  they  are  put,  because  an  expenditure  for 
new  buildings  would  return  10  per  cent,  on  the  investment. 

It  might  be  possible  by  certain  changes  to  make  the  buildings 
as  light  and  convenient  as  modern  buildings,  and  if  new,  they 
would  be  equal  to  the  cost  of  such  modern  buildings  minus  the 
cost  of  making  the  changes. 

After  determining  the  value  of  the  buildings,  if  they  were  new, 
according  to  the  above  method,  there  remains  to  be  applied  the 
depreciation  from  age.  This  to  a  certain  extent  must  Ije  an  arbitrary 
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quautity,  but  based  upon  the  average  life  of  buildings  of  the 
cliaracter  of  those  under  consideration.  It  would  seem  that  one  per 
cent,  a  year  is  little  enough  for  brick  buildings  substantially 
built,  credit  being  given  for  any  extraordinary  repairs,  renewals, 
or  additions. 

We  must  not  lose  sight  of  the  fact  that,  although  a  building 
may  not  at  the  end  of  100  years  be  completely  worn  out,  the 
character  of  the  business  may  so  change  that  the  buildings  are 
not  adapted  to  it,  and  that  they  will  be  rebuilt,  as  we  have  seen 
the  older  buildings  replaced  with  new  ones  of  different  style. 

The  depreciation  of  wooden  buildings  is  greater  than  brick, 
depending  upon  the  purpose  for  which  they  are  used.  Buildings 
which  are  kept  dry,  and  not  subjected  to  much  wear  and  tear, 
would,  if  well  built,  last  a  hundred  years;  while  wooden  dyehonses, 
subjected  to  steam  and  wet,  will  not  last  over,  say,  twenty-five 
years. 

The  length  of  life  depends  largely  upon  the  care  which  lias  been 
given  to  repairs.  If  the  roof  is  kept  in  good  condition  and  wood- 
work well  painted,  the  depreciation  is  less  than  if  no  care  is 
taken. 

If  any  marked  renewals  have  been  made,  credit  should  be  given 
for  them.  A  whole  new  floor  or  roof  may  have  replaced  an  old 
one,  thus  making  that  portion  practically  as  good  as  new. 

The  first  cost  of  a  modern  mill  is  the  measure  of  value  for  the 
building  under  consideration,  and  not  the  first  cost  of  this  particu- 
lar building;  for  the  building  may  have  been  built  in  a  very 
expensive  way,  highly  ornamental,  or  in  a  location  which  caused 
very  expensive  foundations.  None  of  these  extra  costs  add  any- 
thing to  the  productive  value  of  the  plant,  and  therefore  must  be 
sunk  out  of  sight. 

The  large  first  cost  of  a  concern  may  be  a  heavy  burden  for 
it,  as  the  fixed  charges  must  go  on  in  larger  amounts  than  they 
should,  and  it  may  be  that  not  until  this  extra  cost  is  charged  off 
the  books,  or  the  capital  shrunk  enough  to  bring  the  charge  against 
the  plant  on  an  equality  with  other  mills,  that  a  profitable  busi- 
ness can  be  done. 

Land. — The  value  of  the  site  will  vary  in  different  places,  and 
under  different  circumstances.  In  some  cases  certain  restrictions 
are  placed  upon  the  land  in  connection  with  the  water  rights,  and 
the  value  of  the  land  itself  cannot  be  separated  from  that  of  the 
water  rights.      The  value  of  adjacent  and  unrestricted  land  is  no 
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guide  to  the  value  of  the  site.     Its  market  value  by  itself  might 
not  be  a  very  large  amount  per  square  foot. 

lu  some  cases  the  town  or  city  grows  around  a  site  and  the 
value  of  all  surrounding  laud  is  increased.  The  value  of  the  mill 
site,  however,  has  not  increased  for  the  purpose  to  which  it  is  put, 
and  it  is  of  no  more  value  for  manufacturing  purposes  than  a  site 
in  the  suburbs,  if  other  things  are  equal,  instead  of  being  in  the 
congested  portion  of  the  city.  To  a  purchaser  who  wanted  the 
plant  to  run,  its  value  Avould  be  no  greater  than  if  it  were  located 
where  land  was  cheaper  and  other  things  equal  ;  but  if  the  whole 
property  were  so  run  down  that  a  purchaser  intended  to  dismantle 
the  concern  and  get  what  he  could  out  of  it,  the  land  might 
then  be  figured  at  greater  value  ;  but  this  sort  of  valuation  is 
beyond  the  scope  and  purpose  of  this  paper. 

Water- Power  Plant. — The  value  of  the  plant  varies  extremely 
with  different  conditions  which  govern  the  first  cost,  and  with  the 
character  of  the  work  done.  The  effect  of  the  head,  length  of 
dam,  length  of  canal,  distance  from  canal  to  river,  etc.,  increase 
or  decrease  the  cost  of  construction.  Very  much  better  work  is 
done  in  some  places  than  in  others,  which  increases  the  value 
and  decreases  the  depreciation,  so  that  no  general  rule  can  be 
given  to  cover  all  cases.  The  plant  must  be  considered  not 
alone,  but  in  connection  with  the  privilege,  each  beiug  dependent 
upon  the  other,  and  each  affecting  the  value  of  the  other,  as 
described  in  the  earlier  part  of  this  paper. 

For  the  water-wheels  themselves,  the  average  life  of  the  wheel 
is  probably  about  twenty-five  years,  while  the  casing  might  be 
allowed  to  outlive  two  wheels.  Iron  or  steel  penstocks,  if  taken 
care  of,  should  last  probably  100  years,  but  wooden  feeders  under- 
ground will  not  last  fifty  years.  Wooden  flumes,  gates,  and 
racks  which  are  exposed  to  the  weather  will  last  about  twenty 
years.  Some  wooden  dams  have  lasted  a  great  many  years,  but 
they  are  apt  to  get  washed  away  in  freshets.  Stone  dams,  if 
properly  designed  and  well  built,  will  last  for  hundreds  of  years. 

The  market  value  of  the  wheels  would  depend  somewhat  upon 
their  efficiency,  independent  of  their  2>hysical  conditions ;  for  it 
might  pay  to  replace  them,  if  water  is  expensive,  by  wheels  of 
higher  efficiency.  The  vertical  wheels  Avith  bevel  gears  will  not 
produce  as  much  net  horse-power  per  cubic  foot  of  water  as  the 
horizontal  wheels ;  and  wdth  the  horizontal  Avheels  the  extra 
expense  and  danger  of  breakage  of  gears  is  avoided. 
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Steam-Power  Plant. — The  value  of  the  steam-power  plant  will 
depend  upon  its  character  and  its  condition  ;  and  its  condition 
depends  very  largely  upon  the  service  wliich  it  has  rendered. 

With  good  water  and  good  care,  running  about  twelve  hours  a 
day,  the  life  of  a  boiler  should  be  about  twenty  years,  or  the 
depreciation  five  per  cent,  a  year.  Slow-speed  engines,  running 
ten  hours  a  day,  can  be  estimated  as  having  a  life  of  about  twenty- 
five  years,  or  a  depreciation  of  four  per  cent,  a  year.  High-speed 
engines  are  much  shorter  lived,  and  will  not  average  over  fifteen 
years,  or  a  depreciation  of  about  seven  per  cent,  a  year;  and  often- 
times it  is  greater  when  run  ten  hours  a  day.  The  depreciation 
when  run  twenty  to  twenty-four  hours  a  day  is  correspondingly' 
greater.  Boiler  settings  and  piping  should  be  included  with  the 
boilers,  and  engine  foundations  and  piping  with  the  engines. 

The  life  of  economizers  varies  with  the  initial  temperature  of 
the  entering  water  from  about  ten  years  up  to  forty. 

The  proper  type  of  engine  to  use  depends  upon  the  use  which 
can  be  made  of  the  steam  after  passing  the  engine  ;  and  if  the 
most  economical  plant  commercially  is  not  installed,  the  pur- 
chaser must  make  such  allowances  as  will  make  good  to  him  the 
difference  in  running  expense  over  and  above  what  a  new  plant 
w'ould  cost  him  to  run. 

The  pi-oper  type  of  engine  for  mill  work  has  been  discussed  by 
the  author  in  a  paper  read  before  the  Society,  vol.  x.,  paper  cccxiii.* 

If  steam  is  to  be  used  for  power  exclusively,  the  compound 
or  triple-expansion  engines  of  proper  designs  are  the  most 
economical,  and  for  mill  work  the  compound  is  the  more  common 
of  the  two. 

If  more  or  less  low-pressure  steam  is  required  for  other  pur- 
pose than  power,  this  tyj^e  in  a  special  form  can  be  used  to 
advantage,  except  in  such  cases  as  require  nearly  or  quite  the 
same  amount  of  low-pressure  steam  as  would  be  exhausted  from 
an  engine  producing  the  amount  of  power  I'equired.  Such  a  con- 
dition as  this  might  exist  where  small  amounts  of  power  and 
large  amounts  of  low-pressure  steam  are  required,  as  in  a  dye- 
house  or  priutery,  or  in  case  a  portion  of  the  power  is  produced 
from  water,  and  the  other  portion  from  steam,  the  power  of  the 
latter  being  such  as  to  supply  the  required  amount  of  exhaust 
steam  for  the  various  purposes  to  which  it  is  put. 

*  "  On  the  Use  of  the  Compound  Eugine  for  Manufacturing  Purposes,"  vol.  x., 
p.  48. 
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In  such  cases  as  these  it  woiikl  be  absurd  to  add  a  condensing 
cyHuder  to  the  engine,  and  then  supply  the  low-pressure  steam 
direct  from  the  boilers,  through  reducing  valves.  The  proper  type  to 
use  here  would  be  the  simple  or  compound  nou-condensing  engine. 
Between  these  two  extremes,  of  steam  used  for  power  only,  and 
an  amount  of  low-i)ressure  steam  used  equivalent  to  the  whole 
amount  exhausted  from  the  engine,  lie  nearly  all  the  cases  of 
ordinary  i^-actice. 

If  an  amount  of  exhaust  steam  can  be  constantly  used  up  to 
about  T5  per  cent,  of  the  whole  amount  exhausted  from  a  high- 
pressure  cylinder  of  a  compound  condensing  engine,  the  most 
economical  plant  to  put  in  woukl  be  a  special  form  of  compound 
condensing  engine  taking  this  steam  from  the  receiver  ;  but  if 
more  than  75  per  cent,  of  the  exhaust  could  be  used  for  heating 
purposes,  then  the  proper  type  would  be  the  non-condensing. 

If  the  amount  of  exhaust  steam  used  were  a  variable  amount, 
but  averaged  more  than  would  allow  for  equal  cylinders  on  a  com- 
pound engine,  the  proper  type  of  engine  to  use  Avould  still  be  the 
non-condensing.  If  the  average  of  the  variable  amount  fell  be- 
low that  amount  which  would  allow  for  equal  cyHnders  on  a  com- 
pound, then  the  proper  type  to  use  would  be  the  compound  con- 
densing engine. 

There  is  one  advantage  of  the  compound  condensing  over  the 
non-condensing  engine  with  variable  amounts  of  exhaust  steam 
used  ;  viz.,  the  low-pressure  cylinder,  being  arranged  for  a  vari- 
able cut-oil",  can  control  the  variation,  thus  making  use  of  all  the 
steam,  decreasing  the  amount  used  in  the  high-pressure  cylinder, 
and  preventing  any  wasteful  and  unpleasant  blowing-off  of  ex- 
haust steam. 

The  practical  limit  of  the  average  proportion  of  exhaust  steam 
which  can  be  used  and  still  employ  the  compound  system,  wdien 
the  quantity  required  is  variable,  is  when  that  proportion  requires 
equal  cylinders  on  the  compound  engine ;  and  this  limit  is  estab- 
lished by  the  ability  to  control  the  steam  exhausted  from  the 
high-pressure  cylinder. 

As  to  the  boiler  i)lant,  there  are  several  types  and  forms  which, 
under  proper  conditions  of  setting  and  working,  will  give  almost 
equally  good  results.  In  these  days  of  high  pressure,  one  would 
not  want  to  pay  full  price  for  a  plant  on  which  he  would  be  lim- 
ited with  regard  to  the  pressure,  provided  this  were  to  be  cut 
below  the  economical  point  for  the  particular  plant. 
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Jfacliinc?')/. — The  two  most  importaut  things  which  determine 
the  market  vahie  of  machinery  are  : 

First.  Its  comparative  abihty  to  turn  out  a  product  in  quantity 
and  quality  equal  to  that  of  the  most  improved  machines. 

Second.  Its  actual  condition  with  resjiect  to  wear  and  tear. 

Although  a  machine  may  not  be  worn  out,  or  even  may  have 
been  run  but  very  little,  it  may  be  unprofitable  to  run,  because 
other  machines  have  been  introduced  which  do  so  much  more  or 
much  better  work.  These  machines  may  be  used  to  advantage 
in  some  other  concern,  and  ma}^  on  this  account  have  more  value 
than  scrap.  Parts  of  machines  have  been  improved  so  that  these 
portions  may  be  changed  while  leaving  a  portion  of  the  machine 
as  before ;  as  for  example,  cotton-spinning  spindle^;,  so  that  de- 
preciation might  be  applied  to  a  portion  of  a  machine  instead  of 
to  the  machine  as  a  whole. 

The  depreciation  for  actual  wear  and  tear  will  vary  with  the 
severity  of  the  work  done,  speed  of  the  moving  parts,  the  care 
taken  in  the  running,  and  the  amount  laid  out  in  repairs. 

It  seems  to  me  impossible  to  separate  the  depreciation  from 
wear  and  tear  altogether  from  that  due  to  improvements  in  arriv- 
ing at  its  present  value,  and  it  is  customary  to  treat  them  in  a 
general  way,  allowing  a  definite  depreciation  to  cover  both. 

Any  concern  which  does  not  lay  aside  at  least  5  per  cent,  of  the 
total  value  of  its  plant  if  new,  and  apply  the  same  at  intervals 
towards  the  renewal  and  improvements,  will  find  itself  at  the  end 
of  twenty  years  in  a  position  not  able  to  compete  with  success 
with  modern  equipped  concerns,  and  it  will  be  necessary  to  make 
radical  changes  at  great  expense,  calling  for  new  capital. 

It  is  often  stated  that  there  is  no  depreciation  during  the  first 
year  of  running  ;  that  the  machinery  will  do  better  work  after  it  is 
limbered  up  and  adjusted  than  when  it  is  set  to  work.  As  a  mat- 
ter of  fact,  depreciation  does  begin  immediately,  although  not  per- 
ceptible. After  the  first  yeai',  depreciation  is  charged  sometimes  at 
a  uniform  rate  of  5  per  cent,  over  all  the  machinery,  due  allowance 
being  made  for  any  renewal  of  parts  outside  of  ordinary  repairs. 
I  have  used  in  several  cases  a  depreciation  of  5  per  cent,  up  to 
the  dressing-room,  and  4  per  cent,  for  the  dressing-room  and  be- 
yond. This  view  has  been  presented  to  me  by  a  member  of  the 
Society,  that  after  the  first  year  the  depreciation  should  be 
marked  off  5  per  cent,  to  10  per  cent,  a  year  until  the  value  is 
brought  down  to  one-half  the  original  cost ;  then  to  maintain  its 
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value  about  level  for  a  while,  until  it  becomes  apparent  that  it 
would  soon  be  profitable  to  replace  the  niacliiner}-,  when  the  de- 
preciation goes  on  at  a  more  rapid  rate.  This  method  may  be 
pro]ier  for  a  mill  to  pursue  in  its  own  book-keeping,  but  it  is  not 
quite  definite  enough  in  making  up  a  valuation  for  purchase,  etc. 
It  is  sometimes  the  case  that  some  of  the  machinery  is  older 
than  these  rates  would  allow  them  to  be  in  existence,  but  thev 
may  be  still  there,  perhaps  for  the  same  reason  that  the  bridge 
remained  which  the  engineer  had  figured  could  not  hold  up  its 
load.  When  asked  how  he  explained  the  fact  that  it  did  stand  up, 
he  said  that  the  only  reason  that  he  could  give  was  that  it  stood 
from  force  of  habit.  Some  machines  remain  and  do  work  long 
after  it  would  be  profitable  to  replace  them.  The  value  of  such 
machinery  to  a  purchaser  is  practically  nothing,  except  that  it 
may  complete  the  organization  of  the  mill  and  allow  it  to  run 
until  it  can  be  replaced  b}'  new  machinery. 

If  a  sinking  fund  is  created  for  replacing  the  machinery,  3  per 
cent,  of  the  cost  would  replace  it  in  twenty-four  years.  There  is 
usually  some  value  to  machinery  in  a  mill,  even  if  the  property 
were  to  be  dismantled  ;  but  old  machinery  has  no  value  except  for 
scrap,  which  is  very  small,  as  the  cost  of  taking  down  is  about  as 
much  as  the  value  of  the  scrap. 

Shaffing,  Belting,  and  Piping. — In  an  ordinary  white  mill  it  is 
known  approximately  how  much  these  items  should  amount  to  if 
new.  It  is  possible  that  more  than  is  actually  needed  to  do  the 
work  has  been  installed,  and  although  the  cost  may  have  been 
more,  the  value  Avould  be  no  greater  than  if  the  proper  amount 
required  for  a  modern  mill  had  been  installed.  In  fact,  it  may  be 
a  detriment  to  the  mill  to  have  more  shafting  and  belting  than  is 
required  to  transmit  the  power  in  a  well-designed  mill,  inasmuch 
as  more  power  is  required  to  drive  the  mill  than  would  be  re- 
quired with  a  more  simple  arrangement. 

In  a  mill  which  is  not  a  plain  mill,  the  safest  way  is  to  make  a 
schedule  of  all  shafting,  belting,  and  piping,  and  to  make  an  ex- 
amination to  see  if  they  are  of  the  proper  size  and  strength,  or  if 
they  will  require  replacing,  and  to  see  if  the  bearings  for  shafting 
are  such  as  to  produce  a  minimum  of  friction  and  maximum 
economy  of  oil,  and  to  see  if  it  is  worn.  With  belting,  if  a  mill 
has  been  running  for  some  time,  it  is  customary  to  place  its  value 
at  one-half  the  cost  if  new,  for  the  machine  belts  are  being 
renewed  occasionally.     With  piping  the  examination  should  be 
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made  to  see  if  the  steam  pipes  are  proper  for  the  most  economical 
method  of  heating,  or  if  they  would  have  to  be  replaced,  and  if 
the  pipes  for  liydrants  and  sprinklers  themselves  are  such  as 
would  be  approved  by  the  factory  insurance  companies,  or 
would  have  to  be  replaced,  and  to  see  what  the  condition  of  the 
pipe  is.  It  should  also  be  noted  if  the  steam  pipes  are  properly 
covered  to  prevent  radiation. 

Supjylies. — It  is  also  known  about  how  much  is  required  to 
equip  a  new  mill  with  supplies,  but  probably  the  safest  way  to 
put  a  valuation  upon  these  is  to  make  a  schedule  and  note  the 
general  condition.  li^^  is  customary  to  call  the  value  of  supplies 
one-half  their  cost  new,  as  they  are  constantly  being  renewed,  and 
that  is  probably  as  good  an  average  .value  as  could  be  given  for  a 
mill  which  had  run  for  some  years. 

In  most  cases  it  would  not  be  necessary  to  schedule  shafting, 
belting,  piping,  and  supplies,  but  it  would  be  near  enough,  and 
within  the  limits  of  error  on  the  larger  items  of  value  to  treat 
them  in  a  general  way. 

TJie  Mill  as  a  Going  Concern. — There  is  a  special  value  attached 
to  a  mill  which  is  running  and  in  which  tlie  purchaser  might  im- 
mediately commence  work.  There  is  considerable  expense  in- 
curred in  starting  up  a  mill  which  is  idle,  and  a  large  amount  of 
expense  in  building,  equipping,  and  orgaDiziug  a  new  mill,  which 
is  not  fully  realized  until  paid  for.  The  purchaser  is  able  to 
begin  immediately  to  manufacture  and  to  realize  a  profit  in  good 
time.  All  of  these  things  are  in  favor  of  an  existing  plant.  There 
is  also  the  advantage  of  investing  less  capital  at  the  start,  and  if 
the  arrangement  and  organization  are  such  as  may  be  improved 
and  modernized,  these  improvements  can  be  paid  for  out  of  the 
earnings  instead  of  from  the  capital.  On  the  other  hand,  if  the 
capital  can  be  obtained,  it  may  be  wise  to  be  liberal  in  its  ex- 
penditure and  to  begin  as  quickly  as  possible  to  reap  the  full 
benefit  of  the  new  and  up-to-date  plant. 

A  concern  which  is  doing  a  good  business  and  has  an  estab- 
lished reputation  for  making  desirable  goods,  whose  trade  marks 
and  tickets  give  the  goods  an  advantage  over  others  not  so  well 
known,  has  an  additional  value  above  that  of  its  material  value, 
which  must  be  considered.  This  advantage  may  be  only  transient, 
and  will  exist  only  so  long  as  people  can  be  made  to  believe  that 
these  goods  are  better  than  others. 

If  the  valuation  of  the  plant  has  been  very  conservative  on  the 
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books  of  the  company,  and  the  depreciatiou  has  been  liberal,  it 
is  probable  that  the  actual  value  of  the  plaut  is  more  thau  that 
shown  on  the  books,  and  a  re-valuation  at  the  time  of  sale  may  be 
very  desirable. 

VALUATION   FOR   BONDING   OR    RAISING   MONEY. 

This  value  should  be  based  upon  the  market  value,  but  no 
more  money  should  be  borrowed  or  loaned  thau  the  amount 
which  the  property  would  bring  at  a  forced  sale,  and  this  value 
is  likely  to  be  considerably  less  than  the  market  value. 

VALUATION   FOR   RENTAL. 

About  the  only  portions  of  a  plant  which  are  leased  are  the 
land  and  buildings  and  the  power  plant.  More  often  this  is 
limited  to  a  portion  of  a  building  with  power  and  heat  furnished. 
In  nearly  all  cases  the  lessee  furnishes  his  own  machinery. 

The  problem  which  presents  itself  to  the  lessee  is  whether  it  is 
cheaper  for  him  to  build,  if  he  has  the  capital  or  can  borrow 
it,  and  maintain  a  plaut  of  his  own,  or  pay  for  rent  and  power, 
which  requires  a  smaller  expenditure  of  capital  and  less  care,  and 
affords  an  opportunity  of  testing  the  desirability  of  continuing  a 
business  or  not,  without  so  much  chance  for  loss. 

The  problem  which  the.  owner  has  to  solve  is  to  get  enough 
rent  to  cover  all  the  fixed  and  other  charges  against  the  plant, 
and  to  receive  a  net  return  as  interest  on  his  investment  which 
shall  be  satisfactory.  The  gross  income  must  be  large  enough  to 
cover  the  occasional  loss  of  rent  when  portions  are  not  occupied, 
and  possible  loss  of  a  small  amount  by  non-payment  of  rent. 

BullduKjs  and  Appliances. — Property  intended  for  this  purpose 
should  be  built  subtautially,  but  with  no  outlay  above  what  is 
necessary  to  provide  a  convenient  and  suitable  place  to  work  ; 
for  the  lessee  cannot  afford  and  will  not  pay  rent  to  cover  the 
charges  against  a  very  expensive  plant  when  other  places  may 
be  obtained  at  a  cheaper  rent.  The  same  principles  which  govern 
the  value  of  a  building  for  sale,  with  reference  to  light  and 
convenience  of  workini;-,  determine  its  rental  value.  The  con- 
venience of  side  tracks  for  receiving  and  delivering  goods,  of 
hoists  or  elevators  for  handling  goods,  the  size  and  arrangement 
of  buildings  or  rooms  for  the  convenient  and  rapid  progress  of 
the  work,  all  increase  its  rental  value,  and  they  save  so  much  to 
the  lessee. 
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The  age  of  the  buildings  does  not  affect  the  rental  value 
appreciably  if  the  condition  is  good  and  the  accommodations 
equal  to  a  modern  building,  for  the  lessee  is  not  the  one  who 
must  make  the  renewal  at  the  end  of  its  life.  If,  however,  the 
lessee  is,  as  a  part  of  his  rent,  to  make  all  the  necessary  repairs, 
the  age  might  have  some  effect  upon  the  rental  value. 

Power. — The  rental  value  of  a  power  plant  depends  upon  its 
character  and  efficiency  to  produce  power  cheaply. 

The  cost  of  producing  power  in  small  amounts  is  very  much 
greater  than  in  large  amoimts,  and  the  amount  which  the  lessee 
should  pay  may  be  obtained  in  comparison  with  the  cost  of  pro- 
ducing the  amount  of  power  required  with  a  reasonably  efficient 
plant  with  steam  power  or  by  some  other  means.  Thus,  suppos- 
ing the  power  to  be  rented  is  water  power  and  plant,  its  value  can 
be  determined  by  estimating  the  cost  of  producing  a  uniform 
230wer  by  water  power,  supplemented  by  steam  power  if  neces- 
sary, and  comparing  the  cost  of  producing  the  same  amount  of 
power  by  steam  power  alone,  in  each  case  adding  such  charges 
as  the  lessee  is  to  assume.  The  difference,  if  in  favor  of  the 
water  power,  will  represent  the  value  of  the  power  for  the  length 
of  time  the  estimated  cost  covered. 

If  the  power  plant  be  a  steam  plant,  it  is  possible  tliat  it  has 
no  rental  value  ;  that  is,  it  may  be  so  wasteful  that  it  would  pay 
to  replace  or  change  parts  of  it  to  bring  it  into  an  economical 
state.  If  it  is  an  economical  plant,  and  is  to  be  run  by  the  lessee, 
he  should  pay  such  rent  as  will  cover  depreciation  and  a  fair  rate 
of  interest,  and  assume  repairs,  insurance,  and  taxes,  or  pay 
enough  rent  to  cover  them. 

In  the  saine  way,  if  power  is  sold  the  lessee,  the  proper  amount 
to  pay  per  horse-power  per  year  will  vary  with  the  amount  which 
he  requires. 

The  problem  of  a  fair  price  to  be  paid  for  water  to  a  water 
company  which  owns  and  operates  the  water  rights,  and  leases 
water  to  persons  or  corporations  who  use  it  in  their  wheels,  and 
power  plants  connected  therewith,  is  not  an  uncommon  one. 

This  subject  has  been  treated  by  the  writer  in  a  paper  on  the 
*'  Cost  of  Steam  and  Water  Power,"  which  may  be  found  in  the 
Transadiojis  of  the  American  Society  of  Mechanical  Engineers, 
vol.  xi.,  p.  108,  paper  ccclx. 

In  that  paper  the  costs  of  power  in  large  amounts  were  com- 
pared.    Since  the  time  of    writing,   the  cost  of  plants  and   the 
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charges  for  water  have  changed  somewhat,  but  the  comparative 
results  giveu  are  not  far  from  correct  for  the  locations  under  con- 
sideration. 

As  the  amounts  of  power  are  smaller,  the  cost  of  producing  it  is 
larger,  and  therefore  a  larger  price  per  horse-poM'er  per  year 
must  be  paid. 

The  charges  for  small  amounts  of  power  seem  to  vary  from 
fifty  dollars  to  one  hundred  dollars  per  liorse-]iower  per  year  ; 
but  each  case  should  receive  its  careful  attention. 

Sources  of  Power. — There  are  now  more  sources  of  power  than 
there*  were  a  few  years  ago.  In  cities  of  fair  size  electric  power 
can  be  had,  which  is  very  convenient  and  requires  very  little  care. 
Where  gas  is  reasonable  tlie  gas  engine  can  be  used  with  a  good 
deal  of  satisfaction,  especially  where  the  work  to  be  done  is  inter- 
mittent. Gasoline  and  oil  engines  are  now  used  with  satisfac- 
tion. All  of  these  sources  are  measures  of  value,  and  the  one 
which  presents  the  most  advantages  with  the  least  cost  is  the  one 
to  adopt,  if  not  tied  down,  or  is  the  standard  on  which  to  estimate 
other  values. 

AVith  the  use  of  the  steam  engine  the  exhaust  can  often  be  used, 
for  other  purposes,  and  thus  the  expense  to  power  be  reduced. 

Land.—Y{\%  rental  value  of  land  for  certain  purposes  of  manu- 
facture cannot  be  more  than  other  land  equally  adapted  to  the 
same  purpose,  unless  it  has  some  peculiar  advantage  of  location, 
such  as  convenience  to  railroads,  nearness  to  other  mills  to  be 
supplied  with  the  product  of  this  mill. 

VALUATION   FOR   TAXES. 

Taxalle  Value. — The  Public  Statutes  of  Massachusetts,  Chap.  11, 
Art.  45,  state  that  the  assessors  shall  make  a  fair  cash  valuation 
of  all  the  estate,  real  and  personal,  subject  to  taxation  therein. 
We  have  already  discussed  the  general  and  broad  items  which  enter 
into  the  market  value — of  location,  with  its  varying  conditions  of 
labor,  cost  of  transportation,  cost  of  power,  etc.  It  seems  as 
thong-h  this  definition  of  the  cash  value  as  the  taxable  value  did 
not  intend  that  assessors  should  consider  the  plant  in  the  same 
light  that  a  purchaser  would,  for  the  reason  that  the  earnings 
cannot  be  included  in  the  assessor's  investigation,  while  they  are 
the  all  important  item  to  the  purchaser. 

The  average  assessor  knows  but  little  about  the  physical  quali- 
ties, to  say  nothing  of  going  into  the  estimate  of  all  the  items 
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which    make    a   mill    more  or   less   profitable   thau    other   mills 
located  elsewhere. 

It  is  not  at  all  improbable  that  some  mills  which  are  running  at 
a  loss,  or  making  a  slight  profit,  would  be  better  off  to  abandon 
their  present  site  and  move  their  machinery  to  some  more  favor- 
able location. 

It  may  have  been  that  when  such  a  ruling  was  made  the  choice 
of  locations  was  not  as  wide  as  now,  and  that  it  was  intended  not 
to  consider  siich  broad  questions  as  must  be  considered  by  a 
purchaser,  and  which  to  him  might  render  a  ])roperty  of  no  value 
to  purchase,  and  yet  it  might  represent  a  large  amoulit  of 
property. 

It  would  seem,  therefore,  that  in  considering  the  taxable  value 
of  a  mill,  the  assessors  must  ignore  the  broad  questions  of  labor, 
location,  transportation,  etc.,  ahd  confine  themselves  to  the  phj's- 
ical  condition  of  the  plant  existing  at  a  certain  place,  which  place 
is  assumed  to  be  advantageous  to  the  carrying  on  of  the  busi- 
ness. Even  in  this  limited  consideration  they  cannot  be  as 
severe  upon  the  plant  as  a  purchaser  would  be. 

For  example,  suppose  that  the  looms  in  a  mill  are  old,  and  so 
constructed  as  not  to  be  able  to  run  at  anything  near  the  speed 
and  production  of  modern  looms,  and  that  the  price  of  weaving  is 
consequently  so  much  higher  than  on  modern  looms  as  to  wipe 
out  what  would  otherwise  be  a  fair  profit  on  the  goods.  A  pur- 
chaser taking  this  into  consideration  would  say  that  the  looms 
were  of  no  value  ;  but,  unfortunately,  they  are  in  the  mill,  and  if 
the  company  prefers  to  keep  them,  they  are  taxable  property,  and 
the  company  is  unfortunate  which  possesses  much  of  such  prop- 
erty to  be  taxed. 

Reduction  in  Cost  of  Construction. — The  cost  of  construction 
and  machinery  lias  been  considerably  reduced  in  the  last  few 
years.  The  old  high  and  narrow  mills  have  given  way  to  wider 
mills  of  a  less  number  of  stories.  The  walls  and  foundations 
are  very  large  items  in  the  cost  of  construction,  as  they  cost 
nearly  as  much  for  a  narrow  mill  per  foot  of  length  as  for  a  Avide 
one,  and  even  more,  considering  the  less  thickness  and  size  of 
foundations  required  for  the  lower  mill.  The  cost  per  square 
foot  of  floor  area  on  this  account  is  largely  diminished.  The 
cost  of  materials  has  also  been  reduced,  and  contractors  figure 
much  more  closely  than  formerly. 

Waste  Room. — With  wide  mills  and  more  area  on  a  floor  there 


THE  VALUATION  OF  TEXTILE  MANUFACTURING  PROPERTY.   141 

is  a  less  percentage  of  the  room  occupied  by  alleys  and  spare 
floor.  And  with  modern  machinery  less  space  per  spindle  or 
loom,  including  all  the  machinery  under  one  unit  of  spindle  or 
loom,  is  required,  and  a  greater  production  is  made  per  spindle 
or  loom. 

Relative  Cost  of  Construction  and  Equipment. — A  consideration 
of  all  these  items  will  show  why  the  total  cost  of  construction 
and  equipment,  per  unit  of  measure  the  spindle,  is  less  now 
than  formerly,  and  why  valuations  made  on  the  same  unit  in  the 
past  may  need  reduction  at  the  present  time.  The  cost  per 
pound  or  yard  of  production  is  less  than  that  per  sj^iudle  in 
comparison  with  former  cost. 

Depreo'iatum. — No  mill  will  have  the  value  of  its  machinery 
and  buildings  after  a  few  years  of  operation  equal  to  what  it 
is  new  ;  for  depreciation,  although  not  visible,  begins  almost 
immediately,  and  no  matter  how  much  care  is  taken  with 
rej)airs  and  renewals,  the  value  of  the  plant  is  not  that  of  a 
new  plant.  Depreciation  must  be  considered  in  the  same  way 
as  for  determining  the  market  value.  For  this  reason  the  valua- 
tion in  some  places  is  placed  low  to  cover  the  lessening  in  values. 

Poor  Light. — If  the  mill  buildings  are  radically  wrong  for 
light,  owing  to  their  antiquated  construction,  thus  requiring  arti- 
ficial light,  their  value  is  lessened.  Their  selling  value  is  les- 
sened if,  since  their  construction  properly,  other  buildings  have 
been  attached,  thus  shutting  out  the  light.  This  should  receive 
attention  from  the  purchaser.  How  far  the  assessors  should  go 
in  this  matter  is  doubtful. 

Land. — The  value  of  the  land  where  restrictions  are  placed 
upon  it  in  connection  with  water  power  is  a  nominal  sum,  and  the 
burden  of  taxes  might  be  great  if  the  values  were  placed  as  high 
as  adjacent  laud  used  for  other  purposes  and  unrestricted.  It  is 
of  no  more  value  for  manufacturing  purposes  than  a  lot  in  an 
open  field,  instead  of  being  located  perhaps  in  the  congested  por- 
tion of  a  city.  The  valuation  should  be  moderate  in  order  not 
to  make  the  tax  too  great  in  proportion  to  the  purpose  to  which 
it  is  put. 

Steam  Plant. — The  value  of  the  steam  plant  should  depend 
upon  its  age  and  condition  ;  but  I  do  not  see  how  the  assessors 
can  pay  any  attention  to  its  economical  working.  If  the  owners 
choose  to  run  an  uneconomical  plant,  whose  cost  is  not  quite,  but 
nearly,  as  great  as  an  economical  one,  that  has  no  bearing  upon 
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its  value  for  taxes.  It',  however,  it  is  necessary  to  go  to  great  ex- 
pense, for  instance  in  foundations  for  engines,  boilers,  and  cliim- 
nev,  owing  to  bad  soil  to  build  upou,  or  to  build  an  extraordinarily 
long  smoke  flue,  the  taxable  value  should  be  no  more  than  if 
these  extraordinary  expenditures  had  not  been  required ;  for  the 
return  is  no  more,  and  the  market  value  is  no  more,  than  that  of 
a  much  more  simple  plant. 

Water  Poioer. — The  tax  value  of  a  water-power  privilege 
should  be  ascertained  in  comparison  with  the  cost  of  steam 
power  produced  in  the  most  econohiical  method  at  any  conven- 
ient location  where  coal  is  cheap,  or  by  comparison  with  the  cost 
of  other  water  power  favorably  located.  Unless  this  is  done, 
false  values  will  be  obtained.  If  the  value  of  the  water  power 
varied  directly  as  the  cost  of  fuel,  then  the  farther  from  a  rail- 
road the  power  is  located,  and  the  more  it  costs  to  haul  coal  to  it, 
the  more  valuable  would  be  the  power.  If  raw  material  is  to  be 
brought  to  the  mill  and  finished  product  to  be  taken  away,  it  is 
a  self-evident  fact  that  the  nearer  the  railroad  or  sea-port  the  mill 
can  be  located  the  more  valuable  the  power  which  drives  it. 

All  the  other  items  before  mentioned  which  go  into  the  value 
of  a  water  power  should  be  considered. 

Shafting  and  Belting. — The  tax  value  of  shafting,  belting, 
and  piping  should  depend  upon  the  present  cost  of  the  proper 
amount  of  the  same  to  do  the  work  and  upon  its  physical  condi- 
tion. The  fact  that  much  more  has  been  installed,  owing  to 
peculiar  and  perhaps  unfortunate  circumstances,  does  not  add  to 
its  value  ;  in  fact,  it  is  a  detriment  to  have  more  property  to  care 
for  than  is  absolutely  necessary  to  do  the  work  properly. 

StocTi. — In  Massachusetts  the  stock  which  is  in  the  raw  state 
or  in  the  process  of  manufacture,  and  finished  product  which 
may  be  on  hand  in  a  corporation,  are  not  taxable  property.  In 
a  private  plant  this  is  taxable.  This  fact  will  account  very  largely 
for  the  wide  difference  in  the  schedule  of  valuation  prepared  for 
taxes  and  insurance,  as  all  the  stock  of  whatever  kind  must  be 
insured.  In  a  corporation  the  stock  in  trade  is  taxed  indirectly 
by  the  State  as  the  excess  of  the  selling  price  of  the  capital  stock 
above  the  valuation  of  the  real  estate. 

VALUATION   FOR   INSURANCE   AND   ADJUSTMENT   OF   FIRE   LOSSES. 

Theory  of  Valuation. — The  standard  insurance  policy  adopted 
by  most  of   the    States  contains  these  words :    "  This  company 
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shall  not  be  liable  bej'ond  the  actiial  cash  value  of  the  jn-opertj  at 
the  time  any  loss  or  damage  occurs,  and  the  loss  or  damage  shall 
be  obtained  or  estimated  according  to  such  actual  cash  value, 
with  proper  deduction  for  depreciation,  however  caused,  and 
shall  in  no  event  exceed  what  it  would  cost  the  insurer  to  repair 
or  replace  the  same  with  material  of  like  kind  and  quulit)'." 

This  sort  of  valuation  is  more  liberal  than  any  which  has  been 
so  far  discussed.  Its  theory  is  that  if  any  loss  occurs,  the  insur- 
ance paid  shall  be  sufficient  to  replace  the  portion  lost,  in  exactly 
the  same  manner  as  it  was  before,  less  a  fair  amount  for  the  depre- 
ciation of  the  property  from  age.  No  depreciation,  to  my  knowl- 
edge, however,  is  allowed  for  items  which  reduce  the  value,  as 
lack  of  light,  inconvenience  of  arrangement,  character  of  the  con- 
struction, the  fact  that  a  machine  may  not  be  economical  in  its 
working,  or  that  the  steam  jDlant  may  be  an  uneconomical  one, 
although  such  consideration  is  contemplated  in  the  first  portion 
of  the  statement  quoted.  For  this  reason  it  is  sometimes  the 
case  that,  if  a  concern  is  completely  wiped  out  of  existence,  after 
the  effect  of  the  first  blow  is  over  and  the  property  is  rebuilt  on 
new  lines,  it  is  vastly  better  off  than  before  the  loss. 

One  Remedy  for  Bad  Organization. — The  story  is  told  of  a 
man  who  was  sent  a  few  years  ago  to  make  an  examination  of 
a  mill  in  order  to  see  if  anything  could  be  done  to  make  its 
running  more  successful  by  reorganization.  His  examination 
was  brief  and  his  report  still  briefer;  it  was  to  the  effect  that  the 
only  thing  which  could  do  any  good  was  a  first-class  fire.  This 
mill  was  afterwards  sold  in  open  market.  Its  selliug  price  was 
very  much  less  than  it  was  taxed  or  iusured  for. 

Adjust nient. — The  adjustment  of  fire  loss  is  usually  made  upon 
the  basis  above  stated,  that  the  sum  paid  should  be  sufiicient  to 
replace  new  the  burned  or  injured  property  in  the  same  manner 
as  it  existed  previous  to  the  fire,  less  a  fair  depreciation  for  age. 
As  it  is  almost  impossible,  even  by  very  careful  examination,  to 
consider  every  item  of  loss,  and  as  the  owner  is  subjected  to 
many  losses  which  are  not  covered  by  the  insurance,  it  is  the 
policy  of  many  of  the  factory  insurance  companies  to  be  liberal  in 
their  settlements,  although  they  state  that  nothing  will  be  paid 
for  unless  in  an  inventory  to  which  the  assured  will  make  oath  as 
true  to  the  best  of  his  knowledge  and  belief. 

These  losses  are  almost  always  adjusted  amicably  aud  Avithout 
recour.se  to  law.     Sometimes  thev   are  determined  between  the 
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adjusters  of  the  insurance  companies  and  the  owner  or  manager, 
and  sometimes  the  insurance  companies  appoint  an  adjuster  and 
the  mill  another  adjuster,  and  these  two  determine  the  loss ;  and 
if  they  cannot  agree  on  any  item  they  call  in  a  third  party,  and 
the  decision  of  any  two  of  the  three  is  final.  These  adjusters 
should  be  men  who  are  familiar  with  the  value  of  the  property 
destroyed,  and  more  than  one  set  may  be  required  to  cover  the 
various  kinds  of  property.  Perhaps  one  set  for  buildings,  one  for 
machinery,  and  one  for  goods  and  stock.  The  findings  of  these 
adjusters  are  final  and  conclusive. 

VALUATION   FOR   PURPOSES   OF   CONDEMNATION. 

It  is  a  rare  occurrence  that  a  whole  plant  is  condemned,  as 
have  been  the  various  mills  located  in  the  proposed  basin  of  the 
Metropolitan  Water  Supply  at  West  Boylston.  It  is  not  uncom- 
mon that  a  portion  or  all  of  a  water  power  is  condemned. 

As  cities  and  towns  increase  in  population  they  require  from 
time  to  time  additional  water  supply.  Very  often,  in  order  to 
obtain  this  supply,  water  must  be  taken  from  running  streams 
which  furnish  power  to  concerns  situated  along  their  courses,  or 
from  ponds  which  are  tributary  to  such  streams.  If  the  riparian 
owners  have  a  legal  right  to  the  use  of  such  water  for  power  or 
other  purposes,  it  is  proper  that  they  should  receive  compensa- 
tion for  the  diversion  of  the  same,  if  by  so  doing  they  are  actually 
injured. 

SettJemeM  of  Damages. — In  the  cases  of  the  Metropolitan 
Water  Board  several  have  already  been  settled  by  mutual  agree- 
ment between  the  mill  owners  and  the  Board.  This  is  the  proper 
method  of  settling  these  damages,  without  going  to  court,  winch 
is  a  very  expensive  and  somewhat  tedious  process.  There  is  no 
reason  why  in  the  case  of  total  condemnation  the  matter  cannot 
be  adjusted  in  the  same  spirit  as  a  fire  loss  would  be  adjusted, 
taking  into  account,  of  course,  the  difference  in  principles  involved. 

The  trials  of  these  cases  are  usually  interesting,  each  involving 
some  character  different  from  others.  The  trials  of  important 
cases  are  sometimes  very  expensive,  requiring  the  services  of 
skilled  and  well-known  lawyers  and  expert  witnesses  on  each  side. 
Occasionally  such  trials  are  held  before  a  jury,  but  more  often 
before  a  commission  appointed  by  the  court  for  each  special  case 
or  group  of  cases.  The  trial  by  jury  seems  to  me  to  be  very 
unsatisfactory,  inasmuch   as  the  ordinary  juryman  can  have  but 
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little  conception  of  the  meaning  and  value  of  the  testimony  of 
the  expert  witnesses  ;  and  even  with  a  commissiou  it  is  sometimes 
ditticidt  for  the  Board  to  grasp  the  meaning  and  bearing  of  the 
testimony.  It  would  seem  eminently  proper  that  such  a  Board 
should  have  at  least  one  engineer  member  who  is  somewhat 
familiar  with  theory  and  common  practice  of  steam  and  water 
power  and  of  the  transmission  of  power,  and  who  has  a  general 
idea  of  the  value  of  property  under  consideration.  One  member 
should  be  a  lawyer  and  decide  the  admissibility  of  testimony  and 
decide  on  points  of  law.  The  third  member  could  very  properly 
be  a  man  of  high  business  ability,  whose  experience  has  given 
him  a  general  knowledge  of  the  values  of  properties  similar  to 
those  under  consideration. 

Damage  More  than  J/arket  Value. — In  the  case  of  condemna- 
tion the  sum  to  be  paid  is  not  the  market  value  of  the  plant, 
because  this  is  a  sale  in  which  the  owner  is  probably  not  willing 
to  sell,  and  the  condemning  party  must  pay  for  various  things 
which  have  no  value  to  him,  and  for  which  he  can  get  no  return. 

The  market  value  is  too  small  a  sum  to  fix  as  the  damage :  it 
should  be  more  nearly  the  value  for  insurance  ;  that  is,  a  sum 
which  will  replace  the  plant  new  with  a  fair  deduction  for  depre- 
ciation for  wear  and  tear.  To  this  must  be  added  an  amount 
which  will  cover  all  expenses  incidental  to  the  removal  of  the 
plant,  reorganization,  and  getting  on  a  good  running  basis,  and 
the  loss  of  profits  during  the  time  required  for  making  this  change. 
There  is  a  chance  for  wide  variation  of  opinion  on  this  item,  but 
it  would  seem  that  the  rate  of  about  15  per  cent,  per  annum  on 
the  capital  stock  is  the  least  which  a  prosperous  mill  should  re- 
ceive for  payment  of  salaries  and  labor  which  cannot  be  stopped, 
payment  of  unearned  dividends,  and  for  general  expenses  which 
go  on  whether  the  mill  is  run  or  idle. 

If  a  mill  is  fairly  new  and  well  equipped  it  is  not  difficult  to 
estimate  the  value  of  the  land,  buildings,  and  machinery.  But  if 
it  is  old  and  somewhat  run  down  it  is  then  more  difficult  to 
determine  its  value  ;  and  in  a  case  of  this  sort  the  condemning 
party  will  probably  be  obliged  to  pay  a  sum  which  makes  the 
sale  a  fortunate  thing  for  the  owners  and  gives  them  a  chance  to 
reorganize  the  plant  if  they  see  fit,  or  to  sell  out  at  a  good  profit. 
Value  of  Second- Hand  21achineri/. — In  the  sale  of  second-hand 
machinery,  the  number  of  prospective  purchasers  is  limited  to 
second-hand  machinery  dealers  and  to  other  mills  which  might 
10 
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need  a  few  of  the  machines.  Nothing  could  be  realized  for  the  older 
machinery  to  speak  of.  If  a  machine  is  practically  new,  the 
dealer  in  second-hand  machinery  can  afford  to  pay  about  one-half 
the  original  cost ;  but  if  it  has  been  used  for  some  time,  all  that 
could  be  realized  is  about  one-half  the  amount  left  after  deprecia- 
tion. The  dealers  cannot  afford  to  pay  any  more  than  one-half, 
because  of  the  chances  they  are  obliged  to  take  in  disposing  of  the 
machinery,  and  because  of  the  expense  of  taking  down,  boxing, 
shipping,  and  'storage.  The  probable  number  of  purchasers  for 
special  or  fancy  goods  machinery  would  be  very  limited. 

Yariation  in  Yalue. — There  is  not  much  chance  for  a  large  varia- 
tion in  the  value  of  the  land,  buildings,  and  machinery ;  but  there 
is  a  chance  for  a  wide  variation  in  the  value  of  any  water  power 
■which  may  be  condemned,  with  or  without  the  other  portion  of 
the  plant. 

The  value  of  such  water  power  depends  upon  all  the  conditions 
of  flow,  fall,  etc.,  mentioned  before  in  determining  the  market 
value.  If  the  power  be  undeveloped,  the  market  value  should  be 
the  amount  of  damage.  If  it  be  developed  and  used  in  connection 
with  other  fixed  property  of  value,  its  value  then  to  the  concern 
so  using  it  depends  upon  the  saving  of  fuel  and  other  expenses 
which  would  be  entailed  by  furnishing  the  power  '"v  some  other 
method. 

Electrical  Power  Development. — Great  stress  has  been  laid 
recently  upon  the  utilization  of  the  undeveloped  powers  for  elec- 
trical power  and  Ughting,  and  of  their  value  for  these  purposes. 
There  are  two  very  important  considerations  which  are  not  often 
mentioned  in  this  relation  ;  one  is,  that  if  power  is  to  be  let  it 
must  be  constant,  and  if  lighting  is  to  be  done  it  must  be  certain 
that  it  can  be  done  constantly  ;  hence  the  necessity  of  producing 
a  uniform  power  at  the  source  of  supply,  and  the  necessity  of  hav- 
ing in  many  cases  a  supplementary  steam  plant  to  accomplish 
this,  with  its  additional  first  cost  and  running  cost  of  the  plant. 
The  fixed  and  running  expense  of  the  transmission  plant  must  be 
added  to  get  the  total  cost  of  power  to  be  delivered,  with  its  in- 
cidental losses  in  transmission. 

Another  consideration  in  favor  of  a  steam-driven  electric  plant 
is  its  greater  elasticity  over  a  water-driven  plant.  In  the  latter, 
when  the  wheels  are  at  full  gate  the  limit  of  power  is  reached,  and 
in  most  cases  large  amounts  of  power  are  required  for  short 
periods  of  time.     This  necessitates  a  large  plant  in  proportion  to 


THE   VALUATION   OF  TEXTILE   MANDFACTDRING   PROPERTY.        147 

the  average  power  required,  or  the  installation  of  storage  batteries, 
with  the  increased  cost  of  the  same.  With  a  steam  plant  the 
boilers  and  engines  can  be  run  very  much  higher  than  their  rated 
power  for  such  short  periods  of  time  as  the  summit  in  the  load 
diagram  occupies. 

Impvoved  Me'hods. — In  figuring  the  cost  of  producing  the  power 
diverted,  by  steam  power  or  some  other  power,  any  recognized 
improved  methods  should  be  figured  on,  even  if  such  methods  are 
not  in  use  in  the  particular  case  under  consideration ;  for  it  is  not 
the  fault  of  the  defendant  if  the  plaintiff  has  a  wasteful  plant. 

Damage  Cannot  he  Greater  than  Value. — The  results  which  are 
obtained  by  the  method  of  the  plaintiff  are  oftentimes  several 
times  larger  than  the  value  of  the  entire  plant,  including  water 
power,  land,  buildings,  and  machinery.  When  such  results  are 
obtained  they  are  absurd ;  for  the  damage  to  a  portion  of  a  plant 
cannot  be  more  than  the  value  of  the  whole  pi'operty,  unless  it 
causes  great  losses  or  the  ruin  of  a  profitable  business — and  it 
would  be  a  rare  business  which  could  not  adjust  itself  to  another 
location.  When  such  results  are  obtained  it  is  a  sure  sign  that 
the  method  by  which  they  are  obtained  is  wrong. 

When  a  portion  of  the  power  is  taken,  and  the  property  other- 
wise left  as  before,  the  proportionate  amount  of  damage  is  greater 
than  if  the  whole  plant  were  condemned ;  for  in  the  first  instance 
there  must  be  supplied  a  substitute  power,  in  some  form,  for  that 
taken  away  at  an  expense  governed  by  local  conditions,  while  in 
the  second  instance  the  concern  is  free  to  move  to  a  location 
where  power  is  cheap. 

Pro2)er  Measure  of  Damage. — The  proper  measure  of  the 
damage  in  all  cases  is  the  difference  between  the  value  of  the 
property  before  and  after  the  taking.  An  engineer  who  is  ac- 
quainted with  all  the  conditions  in  the  case  should  be  able  to 
estimate  the  relative  value,  if  not  the  market  value,  before  and 
after  the  taking,  very  closely,  if  all  the  facts  bearing  ujjon  the  case 
can  be  obtained.  K  the  difference  in  the  cost  of  operation  before 
and  after  the  taking  is  capitalized  at  a  proper  rate  per  cent,  it 
will  represent  the  damage. 

Sometimes  only  a  small  portion  of  the  flow  is  diverted,  say  one 
per  cent.  Off-hand  one  might  say  that  the  damage  was  one  per 
cent,  of  the  value,  but  this  is  not  so  ;  for  it  is  not  necessary  to 
divert  the  whole  flow  to  make  the  power  worthless.  That  point  is 
reached  when  the  cost  of  producing  a  constant  power  with  steam 
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and  water  power  combiued  is  equal  to  the  cost  of  steam  j^ower 
alone.  After  this  poiut  has  been  reached  there  can  be  no  further 
damage. 

When  it  is  necessary  to  estimate  on  furnishing  a  substitute 
plant  to  produce  ])ower  equivalent  to  that  taken  awa}',  if  the  cost 
of  the  plant  is  included  in  the  damages  awarded,  then  no  interest 
on  the  cost  should  be  allowed  ;  for  the  party  injured  is  required  to 
spend  no  money  in  making  his  plant  good,  and  therefore  has  no 
interest  to  pay  on  the  cost.  The  allowance  for  depreciation  will 
enable  him  to  renew  the  plant  when  it  is  worn  out.  If,  on  the 
other  hand,  he  is  obliged  to  purchase  his  own  substitute  plant, 
the  interest  charge  should  enter  into  the  award  for  damages. 

The  sales  in  the  market  of  water  power  are  the  best  measure  of 
its  value,  although  they  are  not  frequent,  and  are  oftentimes  too 
remote  from  any  special  locality  to  be  of  great  value  for  compari- 
son ;  but  where  such  data  can  be  obtained,  it  should  be  of  great 
assistance  in  forming  conclusions  of  values  of  powers  of  approxi- 
mately the  same  characteristics  and  surroundings. 

The  method  of  estimating  the  damage  at  a  sum  which  shall 
maintain  forever  a  substitute  power,  I  think  is  not  right,  although 
we  use  it.  It  carries  the  problem  into  the  unknown  future,  when 
business  conditions  will  be  very  different  from  the  present.  No 
business  is  ever  started  with  the  idea  that  it  is  to  be  maintained 
forever,  and  no  such  unknown  elements  are  ever  introduced  into 
its  location  or  organization.  A  limited  time  should  be  fixed  as  a 
standard  by  the  courts  which  the  damages  are  to  cover,  and  in 
England  some  such  custom  has  been  inaugurated,  which  fixes 
this  limit. 

DISCUSSION. 

Mr.  Geo.  I.  Bochwood. — I  have  read  this  paper  with  much 
interest,  and  it  seems  to  me  to  be  of  great  value  and  of  timely  im- 
portance to  engineers  who  have  occasionally  to  act  as  expert  ap- 
praisers of  mill  properties. 

A  case  occurs  to  me  which  I  think  is  not  explained  in  the 
paper  (and  with  which  I  happen  to  know  Mr.  Main  is  himself  as 
familiar  as  I  am),  which  is  as  follows :  Suppose  that  a  corpora- 
tion is  deprived  by  a  city  both  of  its  water  privilege  and  of  its 
mill  property,  the  mill  being  in  successful  operation  at  the  time 
of  seizure.  What  is  tlie  proper  measui'e  of  damages  to  allow  the 
company  for  the  machinery  in  the  mill? 
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Mr.  Main  says  that  the  appraisal  of  the  machinery  is  in  all 
cases  dependent  upon  its  condition  as  determined  by  inspection, 
but  that  that  kind  of  testimony  is  the  most  difficult  logically  to 
maintain.  He  would  lay  stress  upon  the  personal  experience  of 
the  expert  examiner  as  to  what  constitutes  wear  and  tear  of  ma- 
chinery, and  his  estimate  is  to  be  based  upon  his  judgment,  after 
inspection  of  the  machinery,  as  to  how  decrepit  and  antique  it  is. 
But  it  is  an  every-day  matter  that  experts  on  one -side  of  a  case 
differ  from  those  on  the  other  side  in  reporting  upon  what  they 
have  seen,  for  the  simple  reason  that  the  rules  of  experience  in 
these  matters  are  not,  and  cannot  be,  precise. 

In  a  case  like  the  one  I  have  mentioned,  where  the  plant  is 
removed,  without  the  consent  of  the  owners,  would  not  a  closer 
approximation  to  justice  be  obtained  if  the  value  of  the  machinery 
were  based  on  the  time  it  has  been  operated  as  com{)ared  with 
its  natural  life,  all  things  considered?  I  am  aware  that  all  ex- 
perts would  not  necessarily  agree  on  what  the  natural  life  of  the 
machine  is ;  but  whatever  the  disagreement  might  be,  its  effect 
would  be  reduced  in  proportion  to  the  newness  of  the  machinery. 
Thus,  if  machines  have  been  run  five  years  and  liave  a  natural 
life  of  thirty  years  according  to  one  side,  and  of  only  twenty  years 
according  to  the  other  side,  its  present  value  would  be  five-sixths 
its  cost  in  one  case  and  three-quarters  in  the  other,  a  difference 
of  only  one-twelfth  or  eight  per  cent,  between  the  valuation  one 
side  puts  on  it  as  compared  with  that  the  other  side  puts  on  it ; 
whereas,  the  disagreement  as  to  the  length  of  its  natural  life  is  in 
the  ratio  of  two  to  three.  If,  on  inspection,  the  macbinery  is  in 
any  case  actually  broken,  extra  allowance  can  then  be  made  for 
such  cases.  Of  course  such  a  value  is  not  the  whole  value  of  the 
machinery,  as  Mr.  Main  has  shown.  The  cost  of  transportation 
and  erection  must  be  added  thereto,  this  cost  being  depreciated 
in  the  same  ratio  as  the  present  cost  of  the  machinery  is  depre- 
ciated. 

Mr.  C.  J.  H.  Woodbury. — In  fixing  upon  the  valuation  of 
machinery  in  a  mill  to  be  seized  for  some  public  work  or  for  any 
other  reason,  people  are  apt  to  fall  into  the  difficulty  of  going  too 
much  into  details  and  not  enough  into  appraisal  of  the  system  as 
a  whole.  The  vahiation  of  this  tool  or  that  machine  or  some  fix- 
ture by  itself  in  an  establishment  devoted  to  the  making  of  spe- 
cialties covered  by  patents  may  be  worth  so  much  old  junk,  but 
as  a  part  of  a  whole  system  of  manufactui-e  may  be  of  great  value. 
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The  natural  life  of  machinery,  it  must  be  remembered,  is  not 
wholly  a  question  of  the  resistance  to  wear  and  tear,  but  it  is  sub- 
ject at  times  to  the  greater  hazard  of  depreciation  from  subsequent 
inventions.  After  the  Border  City  mill  fire  the  treasurer  wired 
George  H.  Corliss  that  the  underwriters  wanted  to  discount  ten 
per  cent,  from  the  cost  of  an  engine  which  Mr.  Corliss  had  built 
only  the  previous  year,  and  wanted  him  to  come  on  and  defend 
the  price  of  his  engine  which  had  only  been  used  for  a  year, 
before  the  commission  that  was  trying  to  adjust  the  loss.  Mr. 
Corliss  wired  back  congratulating  him  on  the  small  amount  of  the 
discount.  After  the  whole  adjustment  was  effected  and  the  mat- 
ter was  all  over  Mr.  Corliss  said  to  me  :  "  In  that  year  I  had 
made  other  inventions  which  had  depreciated  the  value  of  my 
past  work,  and  therefore  if  that  man  was  to  expend  the  same 
amount  of  money  on  an  engine  of  this  kind  he  could  have  got  a 
great  deal  better  engine."  Those  of  you  who  knew  Mr.  Corliss 
and  his  characteristics  can  well  appreciate  the  unction  which  he 
would  give  to  such  a  statement.  A  good  many  years  ago,  when 
George  Draper  was  engaged  on  the  development  of  the  spinning 
frame  for  spinning  filling  yarn,  I  was  in  a  small  private  shop 
where  it  was  working  very  well.  Turning  to  me  he  said :  "  When 
this  machine  is  done  the  mules  in  the  cotton  mills  will  be  thrown 
out  of  the  window  down  a  chute  because  they  are  not  worth  the 
labor  to  take  them  down  stairs."  While  as  a  matter  of  fact  Mr. 
Draper's  anticipations  were  not  so  fully  realized,  yet  on  certain 
classes  of  cotton  yarn  it  did  depreciate  the  value  of  the  mule.  It 
stopped  the  production  of  any  more  and  it  did  cause  a  deprecia- 
tion of  a  great  many  cotton  mills.  There  is  a  book  on  the  sub- 
ject of  tlie  depreciation  of  machinery  by  Ewing  Matheson,  an 
Englishman.  The  questions  involved  in  the  valuations  of  water 
powers  seized  by  a  city,  was  gone  over  very  thoroughly  by  Gen- 
eral Butler,  as  counsel  for  the  city  of  Boston,  in  what  are  known 
as  the  Sudbury  Eiver  cases,  in  which  he  introduced,  I  believe,  to 
American  practice  for  the  first  time,  a  great  many  English  judicial 
rulings  on  the  subject,  which  were  accepted  by  the  commission 
and  have  passed  into  American  practice. 

Mr.  Main. — What  Mr.  Rockwood  says  is  about  right,  that  you 
can  estimate  the  value  of  the  machinery  by  considering  the  de- 
preciation in  a  general  way  about  as  nearly  as  in  any  other  way. 
I  think,  however,  that  an  examination  of  the  machinery  should  be 
made  in  order  to  be  sure  that  the  depreciation  has  not  been  more 
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rapid  than  would  ordinarily  be  ex])ected,  tlirougli  excessive  speeds 
or  severe  work,  or  longer  Lours  run  than  usual,  or  by  negligence. 
The  inability  to  separate  the  depreciation  from  wear  and  tear 
and  from  that  due  to  improvements  as  mentioned  by  Mr.  Wood- 
bury is  spoken  of  in  the  paper. 
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DCCLX.* 

MULTIPLE-CYLINDER  STEAM  ENGINES.— EFFECTS 
OF  VARIATION  OF  PROPORTIONS  AND  VARIA- 
BLE LOADS. 

BY  ROBERT  II.  THURSTON  AND  LOUIS  L.   BRINSMADE. 

(Member  anil  Past  President.)  (Junior  Member  of  the  Society.) 

The  following  paper  is  intended  to  exhibit  the  results  of  an. 
experimental  investigation  of  the  relative  efficiencies,  with  vary- 
ing loads,  of  the  ordinary  high-pressure  triple-ex]oansion  engine, 
of  the  compound  of  usual  proportions  at  similar  pressures,  and 
of  an  intermediate  type,  already  somewhat  familiar  to  the  en- 
gineering world,  through  the  enterprise  of  a  member  of  this 
Society  mainly,  in  which  the  high-pressure  element  of  the  com- 
pound engine  is  made  exceptionally  small ;  the  effect  being, 
practically,  that  which  would  be  produced  by  the  suppression  of 
the  intermediate  cylinder  of  the  usual  construction  of  the  triple- 
expansion  machine.  The  machines  employed  in  this  research 
were,  in  fact,  the  available  combinations  of  the  largest  of  the 
triple-expansion  "  experimental  engines  "  of  Sibley  College,  and 
the  combinations  adopted  were  : 

1.  The  triple-expansion  engine  in  its  usual  condition. 

2.  The  intermediate  and  the  high  pressure  elements  combined 
to  make  a  compound  engine  of  usual  proportions — three  to  one. 

3.  The  low  and  the  high  pressure  elements  combined  to  pro- 
duce a  compound  of  the  peculiar  sort  above  mentioned — seven 
to  one. 

The  subject  here  taken  up  for  study  and  experimental  inves- 
tigation was  first  brought  into  view  by  the  remarkable  results 
reported  by  Mr.  Eockwood  to  the  American  Society  of  Mechan- 
ical Engineers,  as  given  by  test  of  singularly  proportioned  en- 
gines, in  which  the  total  expansion  was  that  made  approjjriate 
to  pressures  for  which  triple-expansion*  engines  were  customa- 
rily used,  where  great  economy  was  sought,  and  yet  in  which  he 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions.^ 
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adopted  a  compouud  system  baviug  an  abuormally  small  liigli- 
pressure  cyliuder.  The  engine  was  thus  very  similar  in  its 
general  arrangement  and  proportions  to  a  triple-expansion 
engine  M'ith  the  intermediate  cylinder  omitted ;  the  exhaust 
from  the  high-pressure  cylinder  passing  directly  into  the  low- 
pressure  element,  an  intermediate  receiver  being  employed  of 
suitable  dimensions  to  give  a  clean  drop  and  unobjectionable 
fluctuation  of  pressures.  The  economy  reported  for  this  case 
was  both  unexpected  and  unprecedented.  The  following  study 
of  the  general  case  will  show,  at  least  in  part,  how  this  unex- 
pected and  singular  result  came  about. 

The  characteristic  feature  of  this  new  idea  in  steam-distribu- 
tion was  a  large  "  drop  "  between  cylinders  ;  but  "drop"  has 
never  been  regarded  as  a  desirable  feature  in  itself,  either 
practically  or  thermodynamically,  and  it  is  interesting  to  trace 
out  those  phenomena  and  conditions  which  have  here  made 
such  a  feature  a  source  of  advantage.  It  will  further  be  inter- 
esting to  see  that  the  thermodynamic  case,  practically  and 
theoretically,  aside  from  the  finance  of  the  matter,  conforms  to 
our  earlier  ideas  of  the  essentials  of  maximum  efficiency. 

The  Transactions  of  the  American  Society  of  Mechanical 
Engineers  for  the  year  1892,  vol.  xiii.,  contain  the  first  account 
of  the  results  of  experimental  investigation  of  the  relative  value 
of  the  peculiar  form  of  compound  engine  which  it  is  the  j)urpose 
of  this  paper  to  discuss.''^ 

The  engine  there  described  was  a  triple-expansion  engine, 
built  from  the  designs  of  Mr.  Rockwood  for  the  Merrick  Thi-ead 
Co.,  of  Holyoke,  Mass.  The  dimensions  were  12,  16,  and 
24.\|  inches  diameters  of  cylinder,  .'iG  inches  stroke  of  piston 
for  the  high  and  intermediate  cylinders,  and  48  inches  for  the 
low-pressure  element.  Receivers  were  placed  between  the 
cylinders,  and  the  cylinders  and  receivers  Avere  jacketed.  The 
machine  was  rated  at  175  horse-jDower.  A  separator  was  used 
at  the  engine  and  returned  the  condensed  and  entrapped  water 
to  the  boiler  through  a  "  steam-loop." 

The  results  of  test  were  reported  as  giving  from  12.67  to 
13.06  pounds  of  feed-water  per  indicated  horse-power  per 
hour,  with  steam  at  142  pounds  by  gauge.  The  best  figure  was 
given  when  developing  199  horse-power.     "When  the  intermedi- 

*"  Two-cylinder  vs.  Multi -cylinder  Engines,"  by  Messrs.  Green  and  Rock- 
wood,  presented  at  the  San  Francisco  meeting,  May,  1892,  p.  647. 
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ate  cylinder  wa-;  thrown  out  of  action,  the  best  figure  was  12.76 
and  when  developing  180  horse-power.  The  conclusion  was 
apparently  justified  that  the  two  forms  of  engine  were  of  prac- 
tically equal  efficiency.  The  conclusion  might  further  have 
been  reached  that,  when  costs  are  considered,  the  compound, 
as  here  proportioned,  Avas  the  better  of  the  two  styles  of  engine. 
Still  another  conclusion  would  seem  to  be  by  this  experiment 
fully  justified  :  that  the  new  system  of  proportioning  the  com- 
pound engine  is  decidedly  the  better  where  loads  are  in  any 
considerable  degree  variable,  as  giving  better  opj)ortunity  to 
meet  the  demand  for  variable  power  with  least  sacrifice  of 
thermodynamic  and  engine  efficiency. 

lu  the  discussion  of  this  paper  it  was  remarked  by  Mr. 
Cooper  that  "  if  two  cylinders  will  secure  an  economy  commerciaUy 
equal  to  that  obtained  by  the  use  of  a  greater  number,  then  two 
cylinders  are  enough " — a  conclusion  which  is  axiomatic  but 
none  the  less  important.  The  italicized  word — the  italics  are 
introduced  by  the  writer — is,  however,  of  special  importance  ; 
since  the  maximum  thermodynamic  efficiency  and  a  minimum 
consumption  of  heat,  steam,  and  fuel  is  not,  by  any  means, 
necessarily  coincident  with,  or  even  approximate  to,  the  condi- 
tion of  maximum  commercial  economy.  The  true  statement  of 
the  engineer's  problem  is  always  :  What  construction  and  what 
steam-distribution  will  give  the  largest  return  on  the  investment 
in  building  an  engine  to  supply  a  specified  amount  of  power  ? 

It  is  to  be  further  particularly  noted  that  the  question  which 
here  arises  is  not  at  all  whether  two  or  three  cylinders  should 
be  adopted  in  a  stated  case,  but,  and  especially,  whether,  it  being 
decided  that,  for  business  reasons,  the  compound  is  better  than 
the  triple-expansion  machine,  the  two-cylinder  compound  should 
have  the  usual  or  an  exaggerated  cylinder  ratio.  The  question 
is  not  whether  a  two-cjdinder  is  better  than  a  three-cylinder 
series  engine,  but  whether  novel  proportions  are  to  be  adopted 
with  the  older  type  of  engine. 

A  comparison  made  by  Mr.  F.  W.  Dean,  of  the  performance 
of  an  engine  designed  by  Leavitt  with  one  designed  by  Eock- 
wood,  the  one  having  a  cylinder  ratio  of  four  to  one,  the  other 
of  seven  to  one,  later  gave  rise  to  further  and  interesting  dis- 
cussion.* 

*  Transactions  A.  S.  M.  E.,  vol.  xvi.,  Xo.  619,  p.  169,  1895. 
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The  followinpj  are  tlie  principal  data,  as  collated  by  the  writer, 
at  the  time,  in  discussion  of  the  paper  : 


Case  of  Compound  rs.  Triplk  and  Hehmapiirodite. 


Engine. 

Leavitt. 

ROCKWOOD. 

Retnoldb. 

Number  cylinders  in  series 

2 
151.6 
27.75 
20.40 
18.57 
10 
371.5 

4 
None 
12.156 
0.684  lbs.  =  5.3$? 
0.478  lbs.  =  4% 

2 

175.5 

25.3 

33  (nom.) 
76.4 
4 
611.2 
7 
14  lbs. 
12.84 

1.16  lbs.  =  9% 

3 

Steam-pressure    absolute 

135.45 

Vacuum,  in.  mercury 

Ratio  of  expansion 

27.6 
19.55 

Revolutions  per  minute 

20.31 

Length  of  stroke,  ft    . . . ; 

5 

Piston  speed,  per  minute,  ft 

203 
1,  3,7 

None 

Dry  steam,  per  I.  H.  P.  per  lir 

Difference  favoring  Leavitt 

Difference  in  favor  of  triple 

11.678 

St.  cons,  reduced  to  175  lbs 

Comparative  effic.  on  this  basis 

a 

11.8 
0.95 

12.84 

0.87 

c 

11.16 
1.00 

The  table  contains,  in  the  last  two  lines,  figures  now  added  to 
bring  into  a  more  perfect  comparison  the  relative  economy  of 
the  several  types  of  engine.  Taking  the  best  performance  of 
the  ideal  engine  as  varying  as  the  logarithm  of  the  pressure  em- 
ployed, as  also  found  by  experience  to  be  approximately  the  fact 
with  good  engines,  the  gain  to  be  fairly  anticipated  by  adojiting 
the  higher  pressure,  other  things  equal,  should  be  such  as  to 
give  the  figures  11.8,  12.84,  and  11.16  pounds  of  feed-water  per 
horse-power  per  hour,  for  the  three  cases  respectively.  The 
relative  efficiency  will  then  be  expressed  by  the  figures  0.95, 
0.87,  1.00.  The  engine  of  usual  type,  as  a  compound,  when  well 
designed  and  built,  thus  gives  a  performance  within  5  per  cent, 
that  of  the  best  known  triple-expansion  engine ;  the  compound, 
with  exaggerated  cylinder  ratio,  lacks  13  per  cent,  of  the  effi- 
ciency of  the  triple-expansion  and  7  per  cent,  that  of  the  stand- 
ard type  of  compound.  Leavitt's  Chestnut  Hill  engine,  for 
which  the  figure  11.2  is  reported,  may  be  taken  as  identical  with 
the  Reynolds  pumping  engine  in  relative  efficiency,  correction 
being  made  for  difference  in  pressures.  Were  correction  made 
above  for  differences  in  ratios  of  expansion,  the  result  above  in- 
dicated would  have  been  somewhat  more  marked,  as  the  engine 
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of  novel  proportions  lias,  nominally  at  least,  65  j^er  cent,  higher 
ratio  than  its  rivals ;  but,  as  a  considerable  part  of  this  appar- 
ent expansion  ratio  measures  free  expansion  without  perform- 
ance of  Avork,  the  comparison  on  this  basis  would  not  be  strictly 
correct.  No  correction  is  attempted  for  differences  in  speeds 
of  piston  or  of  revolution,  on  Avhicli  score  the  intermediate  type 
of  engine  Avould  apparently  have  a  very  marked  advantage  ;  but, 
as  was  long  ago  pointed  out  by  the  writer,  where  jacketing  is 
adopted  successfully,  variation  of  piston  speed  seems  to  have 
little  effect  on  economy." 

The  deduction  from  the  above  comparison  would  seem, 
unquestionably,  to  be  that  the  long-standard  type  of  multiple- 
cylinder  engine  is  a  more  economical  machine  than  that  in 
which  the  cylinder  ratio  is  exaggerated  so  greatly  as  to  produce 
an  unusual  drop  of  steam  pressure  between  cylinders  and  an 
apparently  highly  increased  expansion  ratio.  A  priori,  it  would 
seem  to  be  obvious  that  that  engine  which,  with  equal  wastes  of 
heat  and  steam  and  mechanical  energy,  in  other  resj^ects  pro- 
duces the  closest  approximation  to  the  ideal  steam  distribution, 
and  which  gives  the  most  perfect  reproduction  of  the  ideal  thermo- 
dynamic indicator  diagram,  would  exhibit  maximum  efficiency. 
The  engines  of  Leavitt  and  of  Reynolds  are  designed  with  the 
intent  of  reproducing  a  specified  diagram,  as  laid  down  upon 
the  drawing  board  of  the  designer,  and  that  diagram  is  made  as 
nearly  ideal  as  practicable.  In  the  solution  of  the  problem 
thus  set  for  themselves,  these  designers  have  succeeded  wonder- 
fully;  and  this,  with  their  careful  provision  against  internal 
heat  wastes  and  against  excessive  engine  friction,  accounts  for 
their  rare  success  in  these  engine  trials. 

But  there  still  remain  two  important  questions  undecided  : 

(1 )  Are  these  comparisons  fair,  as  being  rej)resentative  of  the 
best  work  that  each  type  of  engine  can  perform;  and  does  it 
follow  that  the  study  of  the  performance  of  each  throughout  a 
wide  range  of  load  variation  will  prove  that  these  conclusions 
may  be  accepted  as  general  and  as  completely  settling  the 
relative  standing  of  these  machines  ? 

(2)  Assuming  it  to  prove  to  be  true  that  the  orthodox  system 
of  designing  the  multiple-cylinder  engine,  as  illustrated  by  the 
refined  practice  of  Leavitt  and  of  Reynolds,  of  Sulzer  and  of 
Corliss,  and  as  taught  in  the  text-books  and  treatises  on  the 

*  2'ransactions  A.  S.  M.  E.,  1881,  "  Manual  Steam  Engine,  '"  vol.  i. 
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steam  engine  from  a  more  purely  scientific  standpoint  is  right — 
is  it  always  correct,  as  judged  from  the  point  of  view  of  the 
purchaser  and  user  of  the  engine,  who  counts  success  by  the 
relation  of  quantity  of  work  performed  to  the  dollar  expended, 
and  not  with  reference,  otherwise  than  incidentally,  to  the 
weight  of  steam  or  of  fuel  demanded  per  indicated  horse-power 
in  the  unit  of  time  ? 

The  first  of  these  questions  can  only  be  answered  after  it  has 
become  possible  to  produce  a  "  curve  of  efficiency  "  on  which 
may  be  read  the  relation  of   cost  to  performance   throughout 
the  full  range,  at  least,  of  usual  variation  of  working  load,  and 
for  each  of  the  machines  to  be  compared.     The  second  must  be 
answered  by  a  study  of  the  costs  of  power  production,  with  each 
reduced  to  the  measure  of  the  efficiency  of  the  dollar  in  each  case. 
The  following  pages  present  an  account  of  such  an  investi- 
gation as  is  above  outlined,  in  which  the  compound,  the  triple, 
and    the    intermediate    type    of   engine    are    compared   experi- 
mentally,   by    constructing    representatives   of  each   type,   by 
various'  combinations    of    the    elements    of   the   largest   of  the 
triple-expansion   experimental   engines  oi    the    Sibley    College 
laboratories.     A  compound  engine  was  produced  by  the  combina- 
tion of  the  high  and  intermediate  cylinders,  in  which  ordinary 
proportions  were  illustrated ;  a  second  compound  was  produced 
bv  combination  of  the  high  and  the  low  pressure  cylinders,  in 
which  the  peculiarity  of  greatly  exaggerated  cylinder  ratio  was 
introduced ;   and  the  third  combination  was  that  of  the  three 
cvlinders  in  normal  working,  and  representative  of  the  standard 
proportions  of  the  ordinary  triple-expansion  engine.     With  each 
arrangement  a  series  of  trials  was  made,  from  the  results   of 
which  it  became  practicable  to  produce  the  form  of  efficiency 
curve  which  was  sought  as  the  solution  of  the  problem  to  be 
attacked.     Since,  however  every  steam  pressure,  for  best  effect, 
demands  a  specific  ratio   of  cylinders  and   an  expansion-ratio 
peculiar  to  itself,  and  since  each  ratio  of  expansion  adopted,  at 
any    constant  steam  pressure,    presumably   demands,    for  best 
results,  some  special  form  and  proportion  of  engine,  it  remains 
probable,  after  all,  that  absolutely  exact  and  perfect  comparison 
would  require  more  extensive  investigation  than  has  been,  in 
this    case,  as  yet   practicable.      The    facts  here    revealed  will 
simplv  add  to, "^without  completing,  our  knowledge  of  the  case  ; 
while,'  in  the  opinion  of  the  writer,  the  character  of  the  question 
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Avill  be  practically  settled  as  commercial,  and  not  as  purely  tlierrao- 
dynamic,  or,  in  the  sense  in  which  the  engineer  usually  employs 
that  term,  economic. 

The  figures  above  quoted  and  tabulated  as  the  results  of 
trials  of  representative  individual  cases  are  assumed  by  the 
writer  to  be  acceptable  to  this  degree  :  that  they  are  in  each 
case  so  excellent  as  to  permit  the  deduction  that  these  un- 
exampled data  are  indicative  of  the  conditions  of  best  effect 
in  each  case,  so  nearly  as  to  justify  us  in  taking  the  comparison 
as  probably  fair  for  that  set  of  conditions  marking  the  best  work 
of  each. 

The  general  dimensions  of  the  engines  employed  in  this  inves- 
tigation are  as  below : 

General  Dimensions  of  Engines. 


Diameter  of  cylinder,  in  inches 

Length  of  stroke,  in  inches , 

Clearance,  per  cent.: 

Head 

Crank 

Clearance,  cubic  feet  : 

Head 

Crank 

Piston  displacement,  per  stroke,  cubic  feet  : 

Head 

Crank 

Area  piston,  in  square  inches  : 

Head 

Crank 

Fly-wheels,  diameter,  in  feet 

Fly-wheels,  face,  in  inches 

Fly-wheels,  weight,  in  pounds 

Brake- wheels,  diameter,  in  feet . 

Brake- wheels,  face,  in  inches 

Brake- wheels,  weight,  in  pounds 

Crank-pin,  diameter,  in  inches 

Crank-pin,  length,  in  inches 

Connecting-rods,  length,  in  feet 

Main  bearings,  diameter,  in  inches 

3Iain  bearings,  length,  in  inches 

Length  of  pulley-block  bearings,  in  inches. . . , 

Steam-port  dimensions,  in  inches 

Exhaust-port  dimensions,  in  inches 

Diameter  of  steam-valve  seats,  in  inches 

Diameter  of  exhaust- valve  seats,  in  inches. . . , 
Thickness  of  steam  space  in  jackets,  in  inches, 

Diameter  of  piston  rod,  in  inclies 

Diameter  of  steam  inlet,  in  inches 

Diameter  of  exhaust  outlet,  in  inches 

Diameter  of  crauk-pin,  in  inches , 


High         Intermediate        Low 
Pressure.        Pressure.        Pressure. 
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7.74 
7.45 

0.103 
0.092 

1.3291 
1.2379 

62.62 
59.42 
10 
17 
,934 
4 
10 
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36 
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0.376 
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4.1204 

201.06 
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4 

10 
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36 

9.5 
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0.895 

0.812 
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9.3373 
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The   experiments   to   be   described   were    performed   in   the 
course  of  the  reguhir,  advanced  work  of  the  college,  under  the 
supervision  of  its   officers,  and  in  accordance   with   the  often 
described  and  standard  methods  adopted  for  all  such  work  in 
research  in  this  department.     The  investigation  here  to  be  par- 
ticularly described  was  made  by  Messrs.  L.  L.  Brinsmade  and 
Adelbert  Harding,  in  the  course  of  work  for  their  respective 
degrees,*  and  with  the  aid  of  volunteer  expert  assistants  where 
numbers  of  skilled  men  were  needed  in  the  course  of  the  engine 
trials.     The  usual  precautions  were  adopted  in  the  standardiza- 
tion of  apparatus  and  checking  of  determinations,  where  more 
than  one  process  was  available.     The  details  of  these  processes 
are  already  familiar  to  all  and  need  not  be  here  repeated.    They 
will  be  found  described  in  various  papers  previously  presented 
to  the  Society,  in  which  such  experimental  work  is  described  in 
detail ;  which  papers  are  published  in  earlier  volumes  of  its 
Transactions. 

The  Experiments  with  the  Cylinder-Eatio,  7  to  1,  were 
planned  in  advance,  with  great  care,  and  all  tests  are  indicated 
alphabetically ;  tests  .1  to  E,  E  to  I,  I  to  31,  and  M  to  Q  being 
four  groups,  and  all  the  tests  in  each  of  these  groups  having 
the  same  low-pressure  cut-o£  The  groups  are  arranged  so  that 
these  cut-offs  increase  in  value,  Uie  A-io-E  group  containing  the 
tests  at  the  shortest  cut-offs  and  the  3I-to-Q  group  at  the  long- 
est. The  tests  in  each  group  are  also  arranged  according  to 
indicated  horse-power,  which  increases  with  the  later  letters  of 
the  alphabet.  The  data  gi^^en  here  are  the  averages  of  the 
general  data  and  of  the  principal  results. 

The  economy  curves  in  Fig.  39  show  the  variations  in  steam 
consumption  for  variations  in  the  indicated  power  for  each  of 
the  four  cut-offs.  In  No.  1  there  is  no  uncertainty  about  the 
maximum  point  in  the  curve.  Nos.  2  and  3  do  not  show  a  dis- 
tinct maximum  ;  but,  from  their  horizontal  drift  at  the  heaviest 
loads  it  would  appear  that  these  loads  were  very  near  those  of 
maximum  economy  for  those    cut-offs.      The   direction   of  the 

*  The  theses  in  which  the  details  of  this  work  are  completely  presented  may 
be'  consulted  at  the  library  of  Sibley  College,  Cornell  University,  where  they  are 
preserved  Nvith  a  number  of  others  bearing  more  or  less  directly  upon  the  same 
problem  and  upon  the  effects  of  variation  of  ^vorking  conditions  upon  the  various 
experimental  engines  of  the  college,  including  all  the  combinations  referred  to 
in  this  paper. 
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liue  at  the  eud  of  the  economy  curve  for  No.  4  would  seem  to 
indicate  that  the  point  of  maximum  efficiency  for  that  curve  had 
not  been  reached. 

Fig.  40  shows  the  variation  of  B.  T.  U.  per  indicated  horse- 
power, with  variations  in  the  indicated  power  for  the  different 
low-pressure  cut-offs,  and  gives  a  very  similar  set  of  curves  to 
those  shown  in  Fig.  39.    This  would  be  expected  from  such  slight 
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variation  in  the  total  heat  of  evaporation  as  a  few  pounds 
variation  in  the  average  boiler  pressures  would  produce.  They 
are  inserted  as  affording  a  more  precise  method  of  gauging 
economy  than  that  by  steam  consumption. 

Logs  of  the  work  were  prej)ared  from  the  records  of  these 
trials,  in  such  form  as  was  thought  most  convenient  for  the 
purpose,  and  these  logs  will  be  found  appended.* 

*  Appendix  A. 
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The  diagram  herewitli  reproduced  (Fig.  41)  exhibits  the  method 
of  variation  of  the  pressure-volume  expansion  line  when  the 
engine  is  given  a  total  ratio  of  expansion  of  about  20.  The 
saturation  curves  for  the  two  cylinders  are  laid  down  beside 
the  expansion  line  of  each  indicator  diagram,  and  the  quality 
curves  superposed  show  the  differences,  varying  from  point  to 
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point,  measuring  the  cylinder  condensation  and  the  quality  of 
the  steam  in  the  engine.  In  the  high-pressure  element  the 
quality  of  the  steam  at  cut-off  is  seen  to  be  nearly  0.90,  drop- 
ping at  a  point  slightly  beyond  to  0.86,  and  thence  rising 
again  until,  at  the  opening  of  the  exhaust  valve,  it  has  become 
substantially  the  same  as  at  cut-off.  In  the  low-pressure  element 
the  effect  of  drop  becomes  plainly  obvious,  the  steam  entering 
up  to  cut-off  with  a  quality  exceeding  110— /.e.,  superheated  in 
that  proportion— and  immediately  falling  to  unity,  and,  later, 
11 
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at  a  little  beyond  half-stroke,  to  0.92.  From  this  point  on  it 
rises  steadily  and  very  uniformly  to  the  end  of  stroke,  and  is 
exhausted  into  the  condenser  with  five  per  cent.,  nearly,  excess, 
or  superheat.  This  last  condition  has  been  regarded  as  indicating 
some  waste,  as  it  is  usually  thought  that  maximum  efficiency  is 
to  be   secured  by  so  adjusting  the  working  conditions  of  the 
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Fig.  41.— (Special.) 

machine  as  to  give  dry  and  saturated  steam  at  exhaust.  The 
influence  of  a  superheated  charge  during  exhaust,  however,  in 
reducing  the  loss  of  heat  from  the  cylinder  wall,  is  probably 
measurable,  and  it  is  possible  that  slightly  superheated  may 
give  higher  efficiency  than  slightly  moist  steam. 

A  OorPAEisON  OF  Kesults  with  those  obtained  on  the  3-to-l 
compound  and  triple-expansion  engines  may  now  be  made  : 

The   following   data   are   from    experiments   on    the    Sibley 
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experimental  engine,  made  by  H.  K.  Spencer  in  1895,  and  will 
serve  as  a  basis  of  comparison  of  the  results  just  summarized. 

The  first  set  of  data  was  taken  from  the  engine  while  running 
with  the  high-pressure  and  intermediate  cylinders  compounded, 
giving  a  cylinder  ratio  of  a  little  over  3  to  1. 

The  second  lot  of  data  are  from  the  same  engine,  Avith  all 
three  cylinders  in  use.    (Appendix  B.) 

In  both  cases  everything  was  jacketed  except  the  low-pressure 
cylinders,  thus  giving  approximately  the  same  conditions  that 
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existed  in  the  test,  here  first  described,  of  the  compound  engine 
with  a  cylinder  ratio  of  7  to  1. 

In  the  proportion  and  distribution  of  the  receiver  volume, 
the  engine  during  the  3-to-l  compound  and  triple-expansion 
tests  had  an  advantage.  With  the  7-to-l  cylinder  ratio  the 
engine  had  an  abnormally  large  receiver  volume,  and,  in  the 
passage  between  the  receivers,  the  steam  was  sent  through  a 
considerable  length  of  piping  which  condensed  some  steam  by 
radiation. 
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Curves  were  plotted  from  the  results  of  these  three  sets  of 
experiments  thus  : 

Fig.  42  shows  the  variation  of  the  steam  consumption  per 
indicafc(I  horse-power,  with  the  increase  in  load,  for  the  three 
prescribed  sets  of  conditions.  The  curves  in  this  figure  leave 
no  room  for  doubt  in  regard  to  the  relative  economy  of  the 
three  engines.  At  about  37  horse-power  tlie  steam  consump- 
tion in  each  case  is  about  the  same.  The  curves  then  diverge, 
the  3-to-l  compound  reaching  a  minimum  steam  consumption, 
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at  75  horse-power,  of  18  pounds.  The  minimum  points  on  the 
other  curves,  owing  to  their  larger  low-pressure  cylinder 
volume,  lie  further  along,  and  are  15.8  pounds  for  the  7-to-l 
compound,  and  13.7  pounds  for  the  triple-expansion  engine. 
We  have  thus  a  gain  of  2.2  pounds  of  steam  per  indicated  horse- 
power per  hour  of  the  7-to-l  over  the  3-to-l  compound,  and  a 
gain  over  the  former  by  the  triple-expansion  engine  of  2.1 
pounds  of  steam  j)er  indicated  horse-power  j^er  hour. 

Fig.  43  shows  the  variation  in  steam  for  delivered,  or  dyna- 
mometric,  horse-power,  with  varying  load  for  three    cases.     It 
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^"  will  be  noticed  that  the  carves  approach  each  other  much  more 

iiearly  than  in  the  last  figure.  At  the  minimum  the  triple- 
engine  curve  exhibits  best  economy,  but  it  falls  off  very  rapidly, 
and  at  75  horse -power  sliows  a  greater  steam  consumption  than 
either  of  the  others. 

The  7-to-l  curve  also  crosses  the  3-to-l  curve  a  little  below  this 
point.  The  reason  for  this  is  probably  the  friction  of  the  extra 
bearings  and  the  weight  of  the  intermediate  valve  rods,  which 
the  construction  of  the  engine  made  it  impossible  to  avoid  for 
the  tests  on  the  7-to-l  compound.  Otherwise  there  are  about  the 
same  number  of  working  parts  as  in  the  3-to-l  compound,  and 
there  should  be  very  nearly  the  same  per  cent,  loss  by  friction. 

The  minimum  points  in  these  curves  are  18.9  for  the  3-to-l, 
18.1  for  the  7-to-l,  and  17.1  for  the  triple  expansion,  showing  a 
gain  on  the  triple  over  the  curves  of  Fig.  42  of  one  pound  of  steam 
by  the  7-to-l  compound,  and  a  little  over  two  pounds  by  the  3-to-l 
compound. 

Fig.  4-4,  perhaps  the  most  instructive  of  the  series,  shows  the 
variation  in  the  steam  used  j^er  indicated  horse-power  per 
hour,  with  the  ratio  of  expansion  for  the  three  cases.  In  the 
3-to-l  compound  and  the  triple  the  most  economical  ratios  are 
apparent — about  12  for  the  3-to-l  compound,  and  21  for  the  triple. 
Assuming  the  most  economical  expansion  in  any  one  cylinder 
for  a  continuous  expansion  line  to  be  3,  this  would  make,  in  the 
case  of  the  3-to-l  compound,  a  total  expansion  of  9,  showing  that 
in  the  above  case  there  was  comparatively  little  expansion  in 
the  receiver.  In  the  case  of  the  triple  the  division  of  the 
expansion  ratio  is  taken  from  the  most  economical  card,  which 
is  as  follows :  2.7  in  the  high-pressure  cylinder,  3.15  in  the 
intermediate,  and  2.16  in  the  low-pressure  cylinder,  making  a 
total  of  18.5  as  the  expansion  ratio,  which  makes  the  expansion 
line  practically  continuous. 

In  the  7-to-l  compound  the  best  ratio  of  expansion  is  beyond 
the  limits  of  the  curve,  but  would  apparently  be  in  the  neigh- 
borhood of  17.  The  distribution  of  the  expansion,  however,  at 
the  most  economical  point  obtained  was  2.7  in  the  high-pressure 
cylinder;  2.21  in  the  low-pressure  cylinder,  leaving  2.85  as  the 
expansion  ratio  in  the  receiver.  This  division  is  very  nearly 
the  same  as  in  the  triple-expansion  engine,  the  receiver  taking 
the  place  of  the  intermediate  cylinder. 

To  show  more  clearly  the  location  of  the  gains  in  economy  of 
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the  triple-expausiou  engine  over  the  7-to-l  compound,  Fig.  45  was 
constructed  from  the  most  economical  tests  on  both  engines. 
As  these  two  tests  had  nearly  the  same  high-pressure  cut-off,  it 
is  easy  to  trace  the  action  of  the  steam  throughout  the  stroke, 
and  the  gains  and  losses  of  the  two  systems  are  made  very 
evident. 
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These  cards  show  a  loss  in  area  due  to  drop,  and  a  gain  in  the 
clearance  spaces  and  in  the  expansion  line  of  the  low-j)ressure 
cylinder,  although  the  latter  gain  is  probably  increased  by  the 
poor  vacuum  in  the  7-to-l  compound.  The  diagram  also  serves  to 
show  the  respective  amounts  of  work  obtained  by  an  increase  in 
the  steam  pressure,  and  by  an  increase  in  the  vacuum ;  the 
area  at  the  toj)  representing  the  work  due  to  an  increase  in 
steam  pressure  of  over  10  pounds,  while  the  area  at  the  bottom 
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represents    the    work    obtained    by    about    two   pounds   better 
vacuum. 

The    following   table  shows  the  conditions  during  the   most 
efficient  periods  of  test  of  the  three  systems  : 

Comparison  of  the  Most  Economical  Trials. 


Triple. 


Boiler  g-aug:e 119.1 

Kevolutions  per  minute ;.,.....  Si. 95 

Vacuum  iu  iuclies  of  mercury 24.3 

Condensed  steam  iu  pounds 1,205 

Total  jacket-water 335.4 

Total  steam  used  1,540.3 

112.65 

I.  C.  =  1 

P.  C.  =  1 

84.1 

13.68 

16,400 

90. 


Total  I.  H.  P 

Distribution  of  work  between  cylinders,  H. ) 

^■=1   ■; \ 

Mechanical  etficiency 

Steam  per  I.  H.  P.  per  hour 

B.  T.  U.,  ditto 

Number  of  expansions 

Steam  per  T.  H.  P.  corrected  to  a  vacuum  of 

24.3  inches  mercury 


7-to-l  Com- 
pound. 


3-to-l  Com- 
pouud. 


L. 


13.68 


115 
87.65 
22.84 
1,753.7 
316.7 
2,070.4 
129.97 

I        1.29 

86.6 
15.8 
18,900 
18.89 

15.1 


117.5 
85.52 
22.7 
1,030 

190.97 
1,221.2 
67.7 

.635 

90 

18.03 
21,600 
15.45 

17.3 


It  will  be  noticed  that  in  the  triple-expansion  tests  both  the 
vacuum  and  the  boiler  pressure  are  better  than  iu  either  of  the 
others.  Between  the  most  economical  test  of  the  triple  and 
the  most  economical  test  of  the  7-to-l  compound,  tliere  is 
a  difference  of  an  inch  and  a  half  of  mercury  in  the  vacuum, 
and  of  four  pounds  in  the  boiler  pressure.  The  column  showing 
the  three  tests  reduced  to  a  common  back  pressure  was  obtained 
by  increasing  or  diminishing  the  mean  effective  pressure  in  the 
low-pressure  cylinder  of  each  by  the  amount  each  varied  in  back 
pressure  from  that  of  the  required  mean.  In  this  case  the  mean 
was  taken  as  the  back  j^ressure  in  the  triple-expansion  test. 
This  correction  brings  the  triple  and  7-to-l  compound  nearer 
together,  but  we  shall  still  liave  a  difference  in  steam  consump- 
tion of  1.48  pounds  of  steam  per  horse-power  per  hour  between 
the  triple  and  the  7-to-l  compound,  and  a  difference  of  2.1 
pounds  between  the  latter  and  the  compound  with  the  3-to-l 
ratio  of  cylinder  volumes. 

In  the  Appendix  will  be  found  the  collected  and  essential  data 
taken  out  of  the  several  logs  of  the  various  engine  trials,  so 
arranged  as  to  permit  easy  comparison  and  prompt  deduction 
of  conclusions.* 


*  See  Appendix  B,  page  186. 
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To  show  still  more  clearly,  and  by  au  entirely  different  method, 
the  real  position  of  the  three  machines  here  reported  upon,  as 
related  to  the  record-breaking  engines  to  date,  and  to  each 
other  as  well.  Fig.  4.6  is  introduced.  On  this  diagram  are 
entered  the  records  of  famous  engines  to  date,  showing  their 
standing  when  gauged  by  the  location  of  their  reported  econo- 
mies to  that  of  the  ideal  thermodynamic  engine  whose 
efficiency  curve  is  given  at  the  extreme  left  as  that  of  the  "  ideal 
case."  The  relative  merit  of  each  engine  is  determined  by  the 
approximation  of  tlie  datum  entered  on  the  plate  to  the  ideal  effi- 
ciency lines  adjacent.  Thus,  it  is  here  at  once  seen  that  the 
observations  being  entered  from  the  table  just  presented,  the 
figures  fall,  respectively.  No.  9  between  the  curves  assigned  to 
the  compound  and  to  the  trijDle  engine  of  good  performance  and 
of  large  size.  No.  10  close  upon  the  curve  for  the  compound, 
and  No.  11  near  the  curve  for  the  simjDle  engine  wasting  half 
the  steam  supplied.  The  3-to-l  comiDound,  thermodynami- 
cally  considered,  gives  substantially  the  same  approximation  to 
the  ideal  as  does  No.  1,  the  Sulzer  engine,  whose  performance  is 
there  recorded  as  that  of  a  representative  simple  engine.  The 
7-to-l  compound  similarly  approximates  the  rank  of  No.  2, 
the  simple  Corliss  engine,  which  latter,  in  turn,  takes  rank  with 
the  ideal  compound  very  nearly ;  and  the  ideal  compound, 
as  just  seen,  gives  very  nearly  the  figure  actually  obtained  by 
the  7-to-l  compound.  An  earlier  performance  of  the  triple- 
expansion  engine  No.  -1  is  seen  to  approximate  more  closely 
the  ideal  curve  for  its  class.  Were  these  comparatively  small 
engines  reproduced  on  the  scale  of  the  larger  proportion  of  the 
engines  giving  the  results  here  noted,  the  Avastes  would  pre- 
sumably be  reduced  by  such  increased  size  by  something  like 
25  per  cent.,  and  the  locations  Nos.  12,  13,  and  14  would  repre- 
sent the  relative  merits  of  the  three  types  compared,  both  as 
among  themselves  and  as  related  to  the  record-breaking  engines 
of  the  world. 

For  comparison,  also,  at  extreme  pressures,  Nos.  15  and  16 
are  given  as  those,  respectively,  for  the  actvial  performance  of 
the  Sibley  College  20  horse-power  quadruple-expansion  experi- 
mental engine,  and  for  that  estimated  for  such  au  engine  repro- 
duced on  the  scale  of  the  engines  given  as  "  record-breakers." 
To  complete  the  record  for  comparison,  the  figures  for  the 
steam  consumption  of  two  Schmidt  superheated-steam  engines. 
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Nos.  17  and  18,  are  shown,  as  reported  ^^—9.46  and  10.2  pounds 
of  steam,  respectively ;  but  tlie  figures,  like  those  of  the  quad- 
ruple expansion  in  less  degree,  are  not  strictly  comparable,  and 
the  British  thermal  units  per  indicated  horse-power  giving  a 
higher  relative  expenditure  by  20  per  cent,  or  more,  usually 
corresponding,  in  fact,  to  12  pounds  or  more  of  saturated  steam, 


-G  8  10  12  H  1«  18  20  22  24  26  ?8  30 

Pounds  of  Steam,  or  Thousands  B.T.U.,  per  I.n.P.  per  Hour 

Steam    Engine    Efficiencies,    1897. 

l-Sulzor-l;  ^'f;'"','  8-Reynolds-3;  9-SiUey  Collegc-3;       10-7  to  1  Compound-2j 

16-Same  (large  scak);  1'  -Sehmidt-2  (Supc.heat.), 

Thurston 

Fig.  46. 

are  more  nearly  correct  data  for  comparing  with  the  records 
of  the  other  engines,  in  which  latter  the  steam  is  little,  if  at 
all,  superheated,  at  the  steam  chest,  t 

*  Proceediuf/>^  of  the  British  Institute  of  Civil  Engineers,  :SIarcli,  Xo.  3,008,  vol. 

cxxviii     loSi. 

tThi's  diagram,  in  slightly  different  form,  was  first  employed  by  the^wnter  m 
a  discussion  of  the  paper  of  Professor  Kipper,  "  On  Superheated  Steam  Engines. 
Ibid.     See  also  The  Electrical  Engineer,  January  6,  1897. 
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The  Kequisites  of  Maximum  Thermodynamic  Efficiency  with 
CoNSTAJSfT  Load  are  : 

(1)  A  steam  distribution  approaching  most  closely  the  ideal  of 
Carnot ;  or,  assuming  the  cycle  of  llankine  to  be  that  in  which 
the  machine  is  constructed  to  act,  the  closest  possible  approxi- 
mation to  the  ideal  conditions  of  distribution  for  that  cycle. 

(2)  As  nearly  as  practicable,  a  non-conducting  cylinder,  or  its 
equivalent,  a  non-heat-transferring  working  fluid,  insuring,  ap- 
proximately, at  least,  adiabatic  action,  so  far  as  heat  transfers 
between  working  fluid  and  enclosing  walls  are  concerned. 

(3)  Maximum  possible  range  of  pressure  and  temperature  dur- 
ing expansion. 

The  Eequisites  for  Maximum  Total  Efficiency  are  the  above, 
together  with  : 

(4)  Minimum  friction  of  engine  and  heat  losses. 

(5)  Limitation  of  the  expansion  range  by  that  volume  at  which 
the  expansion  line  meets  the  line,  parallel  with  the  back-pres- 
sure line,  marking  the  sum  of  the  useless  resistance  of  the  machine 
plus  that  added  quantity  which  is  a  fraction  of  the  mean  effective 
pressure  equal  to  the  ratio  of  the  steam  and  heat  wastes,  inter- 
nally and  externally,  due  extra  thermodynamic  causes,  to  the  total 
steam  and  heat  supply. 

The  Requisites  for  Maximum  Commercial  Efficiency  are, 
further  : 

(6)  Such  an  adjustment  of  the  proportions  and  of  the  steam 
distribution  of  the  engine  that  any  change  would  cause  a  larger 
loss  in  the  dividend  account  than  would  be  saved  by  better  con- 
ditions in  the  direction  in  which  improvement  was  sought. 

In  detail,  in  compliance  with  the  above  conditions  to  that  ex- 
tent which  best  answers  the  last  of  these  various  requirements, 
and,  therefore,  which  effects  the  most  satisfactory  compromise, 
the  form  of  the  cycle  must  be  as  nearly  that  prescribed  above 
as  practicable. 

This  means  introduction  of  the  steam  invariably  at  as  nearly 
as  practicable  boiler  pressure  ;  a  sharp  cut-off ;  expansion  along 
as  nearly  as  practicable  an  adiabatic  line,  the  steam  being 
worked  within  non-conducting  walls,  if  possible,  or  in  a  jacketed 
cylinder,  or  as  superheated  steam,  in  the  actual  case  of  to-day  ; 
expansion  terminating  at  a  pressure  which  is  the  sum  of  the  fric- 
tion pressure  shown  as  the  total  mean  pressure  of  the  "friction 
diagram "  of    the    engine,  plus  the  proper  allowance  for   heat 
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wastes  as  above  ;  sharp  drop  from  the  terminal  pressure  thus 
determined  to  the  minimum  practicable  back  pressure  ;  main- 
tenance of  that  minimum  back  pressure  from  exhaust  to  the 
point  at  which  compression  begins ;  and,  finally,  compression 
as  nearly  as  practicable  to  boiler  pressure. 

The  "  practical "  limitation  in  each  case  will  be  found  to  be 
at  such  adjustment  that  to  gain  more,  ideally,  would  cost  more 
than  the  gained  power  or  saved  steam  would  be  worth.  Too 
large  a  steam  pipe  ;  costly  expedients  for  sharpening  the  cut-off 
corner,  or  for  other  approximation  to  ideal  conditions  ;  too  low 
a  temperature  and  pressure  in  the  condenser ;  such  ma}',  either 
or  all,  prove  expensive  methods  of  gaining  higher  "  duty  "  of 
engine. 

Whether  the  engine  be  simple  or  multiple-cylinder  the  de- 
signer will  seek  the  closest  approximation  to  the  ideal  diagram, 
simple  or  combined,  that  he  finds  likely  to  give  gains  more  than 
com2:)ensating  the  costs  of  securing  them.  Where  the  engine  is 
designed  to  compete  for  a  prescribed  high  "  duty,"  the  pecuniary 
limitation  takes  another  form,  which  it  is  not  our  province  here  to 
consider,  and  the  problem,  in  design,  becomes  that  of  approxi- 
mating the  ideal  case  in  such  manner  as  to  attain  maximum 
thermic  rather  than  commercial  efficiency. 

From  either  point  of  view,  "  drop  "  between  cylinders  is  evi- 
dently not  desirable  ;  though,  at  the  point  of  termination  of  ex- 
pansion in  the  low-pressure  cylinder  before  condensation  begins, 
drop  is  required,  proportioned  to  the  extent  of  the  sum  of  the 
quantities  :  friction  and  cylinder-condensation  wastes,  including 
also,  if  it  exists,  leakage.  From  either  point  of  view,  also,  com- 
pression to  boiler  pressure,  with  minimum  "  dead  spaces  "  and 
minimum  clearance,  is  requisite.  In  either  class  of  engine  the 
machine  acts  as  a  whole,  and  is  to  be  treated  as  if  the  work  at 
the  crank-shaft  were  performed  as  indicated  in  the  combined 
diagram,  in  the  case  of  the  multiple-cylinder  engine,  precisely 
as  if  it  were  a  simple  machine. 

As  seen  in  Fig.  45,  the  relative  value  of  this  and  the  orthodox 
type  may  be  found  to  depend  largely  upon  their  relative  clear- 
ances. The  examination  of  this  point  by  Dr.  Amsler,  following 
Professor  Barr,  shows  clearly  that  a  gain  by  exaggerated  cylinder 
ratio  may  be  reduced  by  decreased  clearances. 

When  we  have  a  variable  load,  the  conditions  difier  not  only 
from  those  affecting  the  engine  under  constant  load,  but  also  as 
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affecting  the  two  classes  of  engine.  The  jDroblem  for  the  simple 
engine  becomes  in  effect  the  following : 

Required,  to  secure  sucli  a  design  and  construction  of  engine 
as  will  permit  its  operation,  under  varying  loads,  in  such 
manner  that  the  work  performed  shall  always  be  precisely  that 
corresponding,  net,  to  tlie  load  im2:)Osed  at  the  instant,  and  also,  at 
the  same  time,  so  that  the  terminal  pressure  on  the  expansion 
line  shall  not  fall  below  the  "  virtual  back-pressure  line,"  as  the 
writer  has  sometimes  called  it,  comj)uted  as  above.  This  means 
that  when  smaller  loads  are  dealt  with  than  that  which  consti- 
tutes the  best  for  the  machine  as  designed,  a  lowered  boiler 
pressure  is  better  than  a  shorter  cut-off. 

The  problem  for  the  multiple-cylinder  engine  becomes  quite 
different  from  the  above,  for  the  reason,  as  above  indicated, 
tljat  the  ratio  of  volumes  of  its  cylinders  is  a  fixed  quantity  and 
cannot  be  made  alterable,  as  should  be  done,  if  practicable,  with 
variable  loads.  Thus  the  problem  involves  the  selection  of  such 
a  ratio  as  will  suit,  not  the  best  load  of  the  engine,  but  that 
load  which  must  be  taken  as  the  probably  best  mean  for  the 
series  of  variations  wdiich  are  anticipated  as  characterizing  the 
probable  life-action  of  the  engine.  The  ratio  of  chosen  boiler 
pressure  to  selected  terminal  pressure  ordinarily  settles  the  total 
ratio  of  expansion  and  that  of  the  cylinders,  and  all  proportions 
of  the  engine  for  constant  load  ;  but  this  is  not  true  with  such 
variations  of  load  as  are  daily  witnessed  in  the  operation,  for 
example,  of  the  power  stations  of  electric  railways.  It  may,  in 
this  case,  be  found  that  "  drop  "  is  a  requisite  of  best  mean 
performance,  whether  thermal  or  commercial,  and  new  relations 
of  expansion  in  cylinders  in  series  may  be  best. 

But  these  are  not  all  the  new  considerations  coming  in  to 
complicate  this  question  in  the  practical  case  of  every-day  work. 
It  may  prove  so  much  cheaper  to  build,  as  well  as  to  operate, 
an  engine  in  which  we  have  the  equivalent,  practically,  of  the 
triple-expansion  engine,  for  example,  with  the  intermediate 
cylinder  cut  out,  as  to  make  it  a  better  dividend  earner  than  the 
unmutilated  triple-expansion  engine.  The  reduced  cost  of 
construction  may  more  than  j^ay  for  the  loss  of  efficiency,  even 
at  its  best  load,  and  with  variable  loads  it  may  prove  that  the 
unorthodox  form  of  compound  may  pay  better  than  either  its 
orthodox  competitor  or  the  triple-expansion  machine.  Such 
are  the  still  existing  problems  for  the  designer. 
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In  conclusion,  these  comparisons,  after  making  all  allowances, 
show  an  economy  in  favor  of  the  triple,  when  compared  to  the 
7-to-l  compound,  of  over  one  pound  of  steam  per  horse-power 
per  hour,  and  a  larger  gain  by  the  latter  when  compared  to 
the  compound  engine  of  3-to-l  ratio.  The  bearing  of  these 
results,  however,  on  the  relative  merits  of  the  three  tyj)es,  is 
a  matter  which  experiment  on  one  engine  and  under  one  set 
of  conditions  cannot  definitely  determine.  As  tests  have  been 
made  of  the  triple-expansion  engine  under  all  systems  of  jacket- 
ing, there  is  no  room  for  improvement  in  this  direction.  In  the 
7-to-l  compound,  however,  a  change  in  the  jackets,  and  even 
more  probably  a  change  in  the  size  and  distribution  of  the 
receiver  volumes,  might  reduce,  if  not  nearly  bridge  over,  the 
gap  which  at  present  separates  it,  so  far  as  steam  consumption 
is  concerned,  from  the  triple-expansion  engine. 

In  looking  over  the  water  account  of  both  the  triple-expansion 
and  the  7-to-l  compound,  we  find  that  all  the  water  used  by 
the  latter,  in  excess  of  the  former,  passed  through  the  cylinder, 
and  that  there  is  no  appreciable  difference  in  the  jacket  water 
in  either  case.  This  indicates  that  the  waste  is  internal,  and 
due  to  either  an  extra  loss  by  cylinder  condensation,  to  a  greater 
clearance  loss,  or  to  a  loss  coming  of  incomplete  expansion  of 
the  steam.  Tliat  the  greatest  waste  is  due  to  incomj)lete 
expansion  in  the  high-pressure  cylinder,  and  that  there  is  a 
slight  gain  in  the  cylinder  volume,  are  both  made  evident  by 
theory  and  are  clearly  indicated  on  the  diagram  showing  the 
superposed  cards  of  the  engines. 

The  comparative  amount  of  cylinder  condensation  in  the  two 
engines,  and  the  manner  in  which  this  condensation  is  affected 
by  the  drop  in  pressure  between  the  cylinders,  is  a  matter  on 
which  there  has  been  considerable  doubt,  and  on  which  these 
tests  seem  to  throw  some  valuable  light. 

Owing  to  the  lack  of  necessary  data,  the  comparison  of  the 
quality  cycle  of  the  steam  in  the  two  engines  must  be  limited 
to  the  qualities  at  cut-off  in  the  high-pressure  cylinders  ;  but 
the  varying  conditions  of  the  tests  made  on  the  7-to-l  com- 
pound give  data  from  which  a  definite  idea  as  to  its  nature 
during  the  remainder  of  the  stroke  can  be  obtained. 
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Variation  of  (^rALiTY  of  Steam. 


Xo.  of  Case. 


I.  H.  P.  triple 

I.  II.  P.  7-to-l  compound. 


45.56 

38.87 


62.99113        126 
66.85    98.09  129.97 


Quality  at  cut-off  in  triple  engine 32.8      46.4      67.2      70.8 

Quality  at  cut-off,  7-to-l  compound  engine 72.45    68.45    72.8      81.5 


Water  used  by  jacket  of  H.  P.  cyl.  in  triple  engine. .    67.0 
Waterused  by  jacket  of  PI. P.  cyl.  in  7-to-l  compound.    59.5 


65.7 
62.5 


64.7 

67.8 


64.4 
63.0 


The  above  table  takes  tlie  four  loads  of  the  most  economical 
low-pressure  cut-offs,  of  the  tests  on  the  7-to-l  compound,  and 
compares  the  quality  at  the  beginning  of  expansion  with  the 
quality  of  four  as  similar  loads  as  could  be  obtained  from  the 
tests  on  the  triple-expansion  engine.  As  the  jacket  water  is 
liable  to  affect  the  quality  to  some  extent,  the  amount  of  jacket 
water  used  by  the  high-pressure  cylinder  during  each  of  these 
tests  is  giyen.  In  considering  these  results,  there  is  a  difference 
in  the  range  of  j)i*essure  in  the  two  cases  of  between  15  and  30 
pounds,  according  to  the  loads,  which,  were  there  no  effect  due 
to  the  liberated  heat  caused  by  the  drop,  would  mean  an  increase 
in  the  range  of  temperature,  in  the  high-pressure  cylinder  of  the 
7-to-l  compound,  of  nearly  double  that  in  the  same  cylinder  of 
the  triple-exi3ansion  engine.  In  every  case  except  the  third,  the 
jacket  water  used  by  the  triple  is  in  excess  of  the  jacket  water 
used  by  the  compound ;  and  yet,  in  spite  of  the  difference  in 
pressure  range  and  the  additional  lieat  imparted  by  the  jacket 
water,  the  quality  at  the  beginning  of  expansion  in  the  com- 
pound excels  the  quality  at  the  same  point  in  the  triple  by  80 
per  cent,  for  light  loads  and  about  10  jDer  cent,  for  heavy  loads. 

If  further  evidence  of  the  effect  of  the  drop  in  pressure 
between  the  cylinders  is  needed,  it  is  given  in  the  following 
tables,  which  show  the  variation  in  the  quality  of  the  steam, 
at  the  point  of  cat  off  in  both  the  high  and  low  pressure  cylin- 
ders, with  tKe  drop,  in  the  7-to-l  comiDOuud,  grouj)ed  according 
to  the  steaim  consumed  per  hour. 
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Effect  of  Drop  on  Quality  of  Steam. 
7-to-l  Compound. 


Letter 

of 
Test. 


Drop. 


Quality  at 
Cnt-off 
iu  Low  Press. 
,  Cyl. 


A., 

E., 

I    . 

M. 

B. 

F. 

J. 

N 

C. 

G. 

K 

P. 

D. 

II 


2.67 

4.27 

5.32 

G.75 

5.42 

8.53 

9.76 

12.62 

11.74 

12.95 

19.62 

16.1 

19.42 

30.79 


L 27.46 


92.4 

103.8 

117.7 

115.1 

91.3 

94.6 

103.0 

114.3 

69.2 

66.9 

9:5.8 

91.6 

62.0 

80.5 

83.7 

114.3 


steam 

used  by  the 

Engine. 


1  Lbs.  of  I  Quality  at 
Jacket  Water  Cut-off  in 
I    per  lb.  of     1  High  Press. 


Steam. 


623.6 

600.5 

599.5 

648.2 

948 

938 

963.7 

927.0 

1,343 

1,280.8 

1.329.5 

1,557 

1,783 

1,720 

1,753 

1,695 


Cyl. 
5. 


Rangf  of 
Temp, 
ill  \\\^\\ 

Press.  Cyl. 


31 

68.4 

114 

32 

72.8 

155 

28 

72.4 

122 

28 

64.6 

170 

24 

64.6 

125 

23 

56.4 

185 

23 

58.1 

146 

24 

69.0 

153 

.22 

76.0 

110 

20 

63.1 

123 

.20 

72.8 

138 

.15 

76.2 

136 

,172 

82.2 

99 

.18 

78.5 

135 

.18 

81.5 

121 

.172 

70.2 

1   134 

Q 30.2 

'  XoTE  ^iiere,  in  the  above  table,  a  figure  is  given  in  excess  of  100,  it  is  an 
a^n-ent  qnalitv,  as  shown  by  the  indicator  diagram.  See  Professor  Carpenter s 
p!pet  on  '  The'saturation  Curve,"  Trans.,  A.  S.  M.  E..  vol.  xv.,  p.  904,  for  exact 
method. 

Thus  A  E  I  and  J/  are  tlie  lightest  loads  of  the  first,  second, 
third,  ami 'fourth  ent-offs,  respectively  ;  M  to  3^  the  four  next 
licvhtest  loads  ;  and  P  to  0  the  four  heaviest  loads. 

^Column  1  gives  the  drop  in  pressure  in  the  receiver,  m  pounds 

per  square  inch.  .    iv  •      4.1      i^_ 

Column  2  gives  the  per  cent,  quality  at  cut-off  m  the  low- 
pressure  cvlinder. 

Column  3  gives  the  steam  passing  through  the  cylinders. 

Column  4  gives  the  pounds  of  jacket  water  used  by  the  engine 
per  pound  of  steam  passing  through  the  cylinders. 

Column  5  gives  the  quality  of  steam  at  cut-off  m  the  high- 
pressure  cvlinder.  ,     ,  .   1 

Column  G  gives  the  range  of  temperature  m  the  high-pressure 
cylinders,  as  calculated  from  the  steam-chest  pressure  and  back 
pressure  in  that  cylinder.  ,      -,      ■      •         t    ^ 

The  effect  of  the  drop  on  the  cpiality  at  the  begmmng  of  ex- 
pansion is  as  marked  here  as  in  the  previous  table  The  irreg- 
ularity of    results  prevents  a  close  comparison  ;  but  there  is 
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certainly  no  sensible  decrease  in  quality  due  to  increased  range 
of  pressure  caused  by  droi). 

The  effect  of  the  drop  on  the  quality  at  low-pressure  cut  off 
shows  even  more  marked  results.  When  steam  is  acting  in  an 
engine  under  uniform  conditions  of  boiler  pressure  and  vacuum, 
there  are  four  conditions  which  could  affect  the  quality  of 
the  steam  at  cut-off  in  the  low-pressure  cylinder.  These  are 
the  amount  of  compression,  the  quantity  of  steam  j^assing 
through  the  engine,  the  weight  of  jacket  water  used  per  pound 
of  working  steam,  and  the  point  of  cut-off  in  the  low-pressure 
cylinder,  which  varies  the  drop  and  the  distribution  of  the  range 
of  temperature  between  the  cylinders.  As  the  amount  of  com- 
pression was  practically  the  same  in  both  engines,  it  Avill  not 
enter  into  the  result.  We  also  neglect  the  temperature  range, 
which  would  complicate  matters  without  affecting  results  materi- 
ally. In  each  set  of  values  the  steam  used  by  the  engine  and 
the  proportion  of  jacket  water  are  nearly  constant.  We  can 
therefore  find,  by  comparison,  what  is  the  effect  of  variation  in 
drop  on  quality  at  low-pressure  cut  off. 

The  curves  in  Fig.  47  show  the  variation  of  these  quantities, 
the  drop  being  the  ordinate,  and  the  quality  of  the  steam  in  per 
cent,  the  abscissa.  The  curve  nearest  the  origin  is  drawn  for 
the  lightest  load  ;  the  loads  of  the  curves  increasing  towards 
the  left.  The  variation  of  the  points  from  the  curves  corre- 
sponds to  a  certain  extent  to  the  variation  of  the  jacket  water 
]3er  pound  of  steam  condensed  from  the  mean  value  for  that 
curve.  Another  set  of  curves  might  also  be  draAvn  through 
points  of  the  same  cut-off,  which  would  show  the  effect  of  the 
jacket  water  supplied  per  jjound  of  condensed  steam  in  vary- 
ing the  quality.  In  every  case  plotted  there  is  an  unmistakable 
increase  in  quality  due  to  increase  in  drop,  which  is,  to  a  cer- 
tain extent,  proportional  to  this  increase.  Thus  in  the  curve 
for  light  loads  an  increase  of  two  and  a  half  pounds  in  drop 
gives  an  increase  in  quality  of  15  per  cent.  ;  while  for  the  heavy 
loads,  with  a  drop  increased  by  eight  pounds,  the  corresponding 
increase  in  quality  amounts  to  about  50  per  cent. 

As  in  both  the  triple  and  the  7-to-l  compound  we  have  steam 
at  the  same  pressures  admitted  to  the  high-i^ressure  cylinder, 
undergoing  the  same  number  of  expansions,  and  exhausted  from 
the  low-pressure  cylinder  under  the  same  conditions,  a  compari- 
son of  these  two  engines  is  simply  a  comparison  of  the  efficiency 
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of  a  cycle  in  wliicli  a  continuous  expansion  lino  is  maintained, 
and  the  internal  waste  reduced  bj  the  subdivision  of  the  range 
of  temperature  with  that  of  a  cycle  in  which  it  is  sought  to 
reduce  internal  loss  by  sacrificing  continuous  expansion,  witli 
the  hope  of  making  up  for  the  loss  sustained  by  gains  in  other 
directions. 

The  account  on  the  debit  and  credit  side  of  the  system  can  be 
summed  up  as  follows  :  Although  with  drop  there  is  a  marked 
increase  in  the  range  of  temperature  when  calculated  from  the 
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increased  range  of  pressure  in  the  high-pressure  cylinder,  the 
liberated  heat  from  the  expanded  steam  in  the  high-pressure 
exhaust  is  sufficient  to  make  u])  for  this  increased  pressure 
range,  and  to  give  even  a  slightly  improved  quality  at  the  high- 
pressure  point  of  cut-ofi"  as  a  result  of  the  drying  off  of  cylinder 
walls,  later  referred  to.  This  liberated  lieat  also  has  the 
effect  of  superheating  the  steam,  and  thus  of  lessening  internal 
loss  in  the  low-pressure  cylinder.  There  is  also  a  gain  of  work, 
owing  to  the  absence  of  an  intermediate  cylinder  whose  clear- 
ance volume  exceeds  tliat  of  the  high-pressure  cylinder. 

To  balance  these  useful  effects  of  drop  we  have  only  the  gain 
12 
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by  expausiou  in  the  intermediate  cyliuder ;  but,  as  demonstrated 
by  these  experiments,  this  gain  is  sufficient  to  outweigh  all  else, 
and  to  turn  the  balance  in  favor  of  a  continous  expansion  line. 

When  the  practical  uses  of  the  7-to-l  compound  are  consid- 
ered, although  at  a  disadvantage  when  working  at  a  constant 
load,  under  loads  subject  to  large  variation,  such  as  exists  in  an 
electric-power  jjlant,  the  flatness  of  the  economy  curve  would 
seem  to  indicate  that  it  would  more  than  hold  its  own.  In  a 
comparison  of  the  7-to-l  with  the  3-to-l  compound,  all  efficiencies 
seem  to  faA^or  the  larger  cylinder  ratio.  Whether  7-to-l  is  the 
most  economical  ratio,  or  whether  the  most  economical  cylinder 
proportion  lies  at  some  intermediate  point,  is  beyond  the  scope 
of  this  series  of  tests  to  determine.  The  best  cylinder  ratio 
probably  varies  somewhat  with  the  work  for  which  the  engine 
is  intended,  and  in  an  exact  determination  of  the  best  propor- 
tions for  maximum  economy  there  remains  a  large  field  for 
experimental  investigation. 

In  studying  the  preceding  figures,  it  must  be  carefully  kept 
in  mind  that  the  real  comparison  is  by  delivered,  rather  than 
indicated  power,  and  that  the  final  basis  of  comparison  must,  in 
all  cases,  be  the  financial  one.  It  is  further  to  be  noted  that 
the  curves  here  given  as  efficiency  curves  cover  a  much  larger 
range  of  expansion  than  is  either  usual  or  economical  in  the 
ordinary  commercial  conditions  of  the  market ;  the  important 
and  interesting  data  are  those  appurtenant  to  the  lower  values 
of  the  ratio  of  expansion  in  this  series  of  engine  trials. 

The  superior  quality  of  steam  in  the  high-pressure  cylinder 
of  the  7-to-l  compound  engine,  due,  as  it  would  seem,  to  the 
peculiar  conditions  affecting  that  machine,  would  indicate  that 
the  process  of  change  of  quality  was  the  following  :  The  excep- 
tional drop  at  exhaust  causes  a  correspondingly  exceptionally 
complete  discharge  of  the  charge  of  mixed  water  and  steam, 
unusually  complete  drying  of  the  cylinder  walls  by  reevapora- 
tion,  and  such  promptness  of  action  that  comparatively  little 
heat  is  rejected  from  the  dry  cylinder  wall  during  the  exhaust 
period.  This  results  in  corresponding  reduction  of  the  heat- 
exchange  waste  during  the  succeeding  induction  period,  and 
this,  in  turn,  means  some  economy  of  heat,  steam,  and  fuel,  not- 
withstanding the  fact  of  an  exaggerated  range  of  temperature 
and  of  pressure  in  the  high-pressure  cylinder,  circumstances 
tending  to  increase  wastes. 
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The  main  deduction,  from  a  scientific  point  of  view,  if  not 
from  that  of  ordinary  practice,  being  that  the  accepted  system 
of  multiple-cylinder  engines  with  continuous  expansion  and 
with  the  number  of  cylinders  in  series  determined  by  the  steam 
pressure,  the  resultant  desirable  ratio  of  expansion  and  the 
quantity  of  consequent  "cylinder  condensation"  is  that  which 
affords  highest  economical  results,  and  that  which  constitutes 
the  highest  type  of  engine  of  our  time,  it  becomes,  further, 
desirable  to  ascertain  what  is  the  best  adjustment  of  this  partic- 
ular series  engine.  This  is  now  well  understood  to  vary  with 
the  whole  series  of  variable  conditions  affecting  the  engine — 
with  size,  with  engine  speed,  with  steam  pressure,  vacuum,  and 
the  condition  of  the  working  fluid  and  of  the  cylinder  wall. 

Taking  the  engine  here  illustrated,  the  three-cylinder  series 
engine,  as  the  most  economical  type  of  machine,  and  assuming- 
its  conditions  of  operation  and  its  regular  economies  and  wastes 
to  be  fairly  representative  of  the  average  good  machine  of  its 
class,  we  may  easily  ascertain  where  is  its  best  adjustment,  and 
how  that  critical  point  is  affected  by  variation  in  the  magnitude 
of  its  wastes. 

The  accompanying  figure  (Fig.  48)  is  a  diagram  in  which  are 
given  the  curves  of  efficiency  of  the  real  engine,  of  the  ideal  case, 
and  of  the  hypothetical  machine,  subject  to  the  various  known 
wastes.  The  abscissas  are  measures  of  the  ratio  of  expansion,  and 
the  ordinates  give  the  weight  of  feed- water  required  to  be  sup- 
plied and  to  be  evaporated  into  dry  steam  at  boiler  pressure  per 
horse-power,  indicated,  per  hour.  The  curve  for  the  ideal  case 
is  easily  and  exactly  obtained  by  now  familiar  processes  of 
thermodynamics  ;  those  for  the  added  wastes  are  also  obtained 
as  easily,  and  with  fair  approximation,  by  the  use  of  empirical  for- 
mulas based  upon  ample  experiment.  Thus  we  have  the  lower 
curve  as  that  relating  efiiciency  to  the  degree  of  expansion  of 
the  steam  and  identifying  the  simultaneous  values  of  work  and 
costs.  It  indicates  gain  by  exj)ansion  until  the  expansion  line 
intersects  the  back-pressure  line  on  the  indicator  diagram. 
The  next  curve  takes  into  account  the  wastes  due  to  the  fact 
that  the  actual  engine  is  subject,  in  this  case,  to  considerable 
clearance  waste,  and  it  is  at  once  discovered  that  the  efficiency 
passes  through  a  maximum  value  with  a  ratio  of  expansion  greatly 
restricted ;  in  this  case  to  about  33.  In  the  next  higher  curve, 
the    ordinates  include    the    expenditures  of   the    ideal,   i:)urely 
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thermodynamic  case,  the  wastes  due  clearances  and  the  ther- 
mal -wastes  by  external  conduction  and  radiation.  It  is  seen 
that  the  introduction  of  these  new  forms  of  Avaste  produce  still 
further  restriction  of  the  economical  ratio  of  expansion,  and 
gain  ceases  when  the  ratio  exceeds  30.  Finally,  adding  the 
wastes  due  to  internal  condensation  and  leakage,  as  ascertained 
by  trial  of  the  engine,  we  have  the  upper  curve,  whose  ordinates 
include  all  known  expenditures.  The  ratio  of  expansion  is  now 
restricted  to  a  minimum,  and  expenditures  of  heat,  steam,  and 
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fuel  begin  to  increase  immediately  upon  passing  this  critical 
point,  a  ratio  of  17.  *  Were  we  to  consider  expenditures  of  caj)i- 
tal  incurred  in  the  construction  and  installation,  and  in  the 
maintenance  of  the  plant,  we  should  discover  still  further 
restriction,  and  probably  would  ascertain  that  a  ratio  of  10  or 
12,  at  most,  and  in  a  compound  engine,  would  prove,  finan- 
cially, the  best  form  that  the  investment  could  be  made  to  take 
in  planning  the  plant. 

Eeferring  to  the  diagram  once  more,  it  will  be  observed  that 
a  fifth  curve,  F,  is  drawn  diagonally  across,  from    the    upjoer 
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and  smaller  critical  point,  tlirougli  the  intermediate  values  of 
tlie  best  ratios  of  expansion,  each  for  the  set  of  conditions 
assumed ;  and  thus  the  locus  is  obtained  for  the  curve  of  suc- 
cessive values  of  the  ratio  of  expansion  of  best  thermal  effect 
for  varying  quantities  of  waste.     Its  equation  for  this  particular 

17       . 

engine  is,    y  = ;  is  that  of  a  curve,  simple  in  form,  and 

log.c 

very  easily  located,  as  seen,  on  which  may  be  found  the  meas- 
ures of  costs  of  power  with  any  stated  quantities  of  extra  ther- 
modynamic waste.  For  example,  when  it  becomes  practicable 
to  reduce  the  internal  wastes  of  the  engine,  curve  A,  to  one-half 
their  present  amount,  as  by  sufficiently  superheating  the  enter- 
ing steam,  the  curve  B  in  the  diagram,  next  below  the  upper- 
most, for  the  real  engine,  will  be  produced,  and  the  ratio 
of  expansion  giving  highest  duty  will  be  found  at  once  to  be 
increased  by  this  improvement  from  17  to  23  ;  and  the  consump- 
tion of  steam  measured  in  the  saturated  condition,  or  its  equiv- 
alent, will  fall  from  12.8  to  less  than  12  pounds.  Similarly,  a 
steam  cylinder  composed  of,  or  lined  with,  a  non-conducting 
material,  as  often  proposed  by  Emery  and  others,  would  reduce 
the  cost  to  less  than  11  pounds,  and  the  extinction  of  clearance 
would  still  further  reduce  it  to  about  10  pounds  ;  while  the 
ratios  of  expansion  for  such  best  effects  would  rise,  respectively, 
to  30  and  to  about  40. 

A  more  correct  comparison  with  the  best  work  of  the  com- 
pound engine  may  be  made  by  employing  the  accompanying  dia- 
gram. Fig.  49,  in  place  of  the  data  from  the  small  compound  here 
used  in  experiment,  and  making  the  comparison  with  the  best 
records  of  tri^^le  engines  and  of  the  special  tyjje  of  compound, 
the  examination  of  wliich  constitutes  a  principal  feature  of  this 
paper.  This  engine  is  designed  for  150  pounds  steam  pressure 
with  complete  expansion,  and  its  proportions  are  those  of  the 
standard  and  ideally  correct  type  of  compound  engine.  The 
machine  is  of  1,850  indicated  horse-power,  cylinders  32  "  -f-  68  " 
X  60 ' ,  making  74  revolutions  per  minute,  and  giving  the  horse- 
power on  1.35  jDounds  of  coal  and  about  1 2.5  pounds  of  steam, 
and  18,000  British  thermal  units  per  hour.^     Taking  this  engine 

*  The  treasurer  of  the  cotton-mill  in  which  the  orthodox  form  of  compouud 
above  described  is  at  work  certifies  to  the  writer  the  following  figures  for  costs  of 
power.  It  will  be  interestiug^as  time  goes  on,  to  compare  these  data  with  simi- 
lar statements  for  other  types  of  engine  ;  since  it  is  this  financial  test  which, 
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as  standard  for  its  type,  the  Milwaukee  pumping  engine  for  the 
triple  expansion,  and  the  best  example  of  the  sjiecial  form  of 
compound,  for  comparison,  we  have  for  the  three  the  following 
expressions  for  their  relative  efficiencies  as  measured  in  steam 
consumption,  in  pounds  per  indicated  horse-power  per  hour,  and 
heat  supply  : 

For  the  triple-expansion  engine,  W  =  , ;//=  —  '        ;   .    (1) 

^  ^  log  ])  log  p 

For  the  standard  compound,  JV  =  , ;  i7=  ,  ' —  ;    .   (2) 

log  ^j  log^; 

For  the  special  form  of  compound,  W=  -, :  H=  ,  '       ;   .    (3) 

log  7>  log  p 

The  lattsr  is  seen,  on  examination  of  its  proportions,  to  be  a 
form  of  engine  designed  for  an  abnormally  high  total  ratio  of 
expansion  at  the  proposed  pressure,  and  assigned  au  abnormally 
heavy  load,  so  that  when  actually  in  action  under  its  average 
load,  it  must  work  with  a  low  ratio  of  expansion  in  the  high- 
pressure  cylinder,  and  must  exhibit  an  abnormally  large  "  drop  " 
at  its  exhaust.  It  is  a  compound  engine  thermodynamically 
misapplied,  and  operated  under  conditions — ideally,  at  least — 

after  all.  settles  all  questions  of  exact  adaptation  of  type  of  engine  and  of  correct 
proportions  and  construction.     Coal  costs  bere  $2.26  per  ton. 

Fuel  per  horse-power  per  year  of  3,070  hours  |4  70 

Labor 1  88 

Supplies  and  repairs 42 

Total  for  operating  expenses $7  00 

Interest  at  5  per  cent $2  05 

Depreciation  at  5  per  cent 2  05 

Taxes 41 

Insurance 04 

Fixed  charges |4  55 

"  According  to  the  Providence  (R.  I.)  Journal :  '  This  is  lower  than  anything 
yet  found.  It  is  due  to  the  large  size  of  plant,  which  reduces  the  labor  and 
supply  account  per  horse-power,  and  to  low  cost  of  fuel  and  insurance  and  low 
cost  of  plant  on  account  of  its  size.  The  cost  of  plant  includes  a  Green  econo- 
mizer-chimney boiler  house,  engine  house  and  foundations — all  first-class — water- 
tube  boih'rs,  whose  depreciation  ought  not  to  be  21;  per  cent  If  steam  used  for 
no  other  ]nirposes  than  power  were  deducted,  it  would  reduce  the  fuel  10  per 
cent,,  or  47  cents  per  year,  per  horse-power,  making  the  total  $11. OS.  There  is 
no  way  of  separating  this  amount  from  the  total  in  the  regular  accounts.' 

"  So  far  as  known,  this  is  the  lowest  cost  of  steam  power  in  any  New  England 
textile  mill.  The  tons  of  fuel  per  horse-power  per  year  are  reported  as  2.08 — the 
lowest  noted  ;  some  others  run  about  2,20  tons  per  horse-power  and  up." 

R.  H.  T.  in  Science. 
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defective.  It  remaius  to  be  seen,  however,  wliether  witli  variable 
load  tins  may  not  prove  on  the  whole  a  practically  correct  and 
financially  efficient  system. 


APPENDIX   A. 
Abridged  Log  of  Engine  Triat.s.- 
compocnd  engine— cylixdek  ratio,  7  to  1, 


Revolu- 
tions per 
Minute. 

Temperature. 

Boiler 
Press. 
Gauge. 

Barom- 
eter. 
Inches. 

Letter 

OF 

Test. 

Condensing 
Water. 

Con- 
densed 
Steam. 

Engine 
Room. 

Ex- 
ternal 
Air. 

Con- 
denser. 
Inches. 
H.G. 

Cold. 

Warm. 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

88.83 

87.65 

86.52 

85.42 

88.96 

87.73 

86.71 

85.51 

88.92 

87.79 

86.72 

85.7 

88.95 

87.61 

86.71 

85.93 

85.61 

44.1 
37.1 
36.4 
36 

45.1 

40.7 

36 

35.7 

40.8 

36.2 

36 

48 

39.3 

35 

36.5 

42 

34.2 

67.8 

74.3 

74.9 

77 

71.9 

67.8 

68.4 

69.4 

60.3 

74.9 

73.8 

91.3 

60.7 

67.1 

70.5 

74.5 

69.5 

83.7 
94.8 
99.3 

100.2 
86.2 
89.2 
96.7 

103.1 
78 
96.6 

100.8 

116 
80 
93.9 

101.9 

102.1 

103 

86.4 

89.5 

85.9 

90.7 

88.6 

84.2 

86.8 

96 

93.7 

93.9 

93.5 

95.3 

95.6 

87.5 

90.1 

89.2 

93 

51 

44.1 

4-.'.  9 

51 

54.2 

40.5 

23.5 

41.5 

58.6 

44.5 

46.2 

52.6 

58.5 

39.7 

31.3 

35.0 

43 

117.5 

119.6 

117.9 

117 

119.5 

114.8 

110.3 

119 

119.5 

119.8 

118.4 

118.9 

118.5 

119.1 

114.3 

113.3 

118 

29.4 

39.336 

28.860 

28.080 

29.35 

28.65 

29.413 

39.044 

29.026 

29.152 

29.118 

29.25 

29.000 

39.190 

39.413 

38.3 

39.19 

34.26 

24.16 

33.4 

33.07 

34.04 

35.05 

34.7 

33.57 

23.77 

23.58 

23.68 

23.84 

23.7 

23.28 

24.04 

24.85 

24.13 

Letter  op 
Test. 


A. 
B.. 
C. 
D. 
E. 
F. 
G. 
H. 
I.. 
J.. 
K. 
L. 
M. 
N. 
O  . 
P. 
Q. 


Condensing  Water 

Total  per  Hour 

Lbs. 


33,900 
25,400 
36,100 
40,000 
28,500 
35,000 
36,700 
33.100 
32,800 
25,  .500 
33,800 
37,200 
31,300 
29,200 
33,700 
46,800 
49.000 


Steam  per  Hr.  Lbs.  T>  t  IT  npr  T  TT  P 
I.  H.  P.  Corrected    ^-  ^^er  Minute 
Calorimeter.  P®'^  Minute. 


30.1 

17.45 

16.38 

16.78 

19.25 

16.64 

16.88 

15.9 

19.7 

17.75 

16.28 

15.8 

21.0 

18.2 

16.6 

16.27 

15.88 


401 

384.4 

837 

835.5 

385 

331 

336 

319 

398 

354 

834 

816 

414 

364.3 

331.4 

324 

318 


Real  Ratio  of  Ex- 
pansion. 


67.8 
52.5 
27.87 
19.06 

67.8 

'S'd'.l 
31.13 
07.8 
54.75 
30.3 
19.89 
67.8 
53.0 
32.43 
33.15 
21.36 
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I 

NDICATED   HORSE-POWEB 

Total  I.  II.  I>. 

Letter  op 
Test. 

•    High  Pressure. 

Low  Pressure. 

Total  D.  n.  P. 

Head. 

Crank. 

Head. 

Crank. 

A 

10.32 
18.49 
25.93 
32.22 
10.93 
19.52 
28.15 
33.98 
11.68 
20.77 
30.32 
34.04 
11.81 
20.66 
28.39 
34.15 
39.02 

11.87 

17.31 

24.88 

28.12 

11.76 

10.9 

21.20 

30.57 

12.:;9 

19.53 

26.48 

33.33 

12.83 

20.15 

24.42 

29.45 

32.81 

9.35 
15.2 
24.2 
31.3 

9.45 
17.03 
18.4 
32.4 

7.55 
13.5 
21.3 
30.2 

7.85 
11.85 
18.2 
23.93 
27.3 

8.81 
15.63 
22.9- 
31.6 

8.79 
15.58 
21.9 
29.02 

7.25 
13.05 
19.99 
28.4 

6.95 
10.30 
16.63 
21.83 
24.9 

40.35 
C6.63 
97.91 

123.24 
40.73 
69.03 
84.65 

126 
38.87 
66.88 
98.09 

129.97 
39.44 
62.90 
80.64 

109.66 

124 

28.65 

B 

57.6 

c; 

84.75 

D 

111.5 

E 

28.82 

F 

56.21 

G 

74.35 

H 

111.6 

I 

28.74 

.1 

K 

L 

57.09 

85.7 

111.79 

M 

28 .  97 

X 

54.56 

0 

76.85 

P 

95.32 

Q 

113.08 

Letter  of  Test. 


A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I  . 
J. 
K. 
L. 
M 
N, 
O. 
P. 

Q 


Jacket  Water. 

High 

1st  Re- 

2d Re- 

Pressure. 

ceiver. 

ceiver. 

65.3 

72 

56.4 

64.7 

90.4 

67.1 

67.5 

128 

78 

63.8 

156 

87.5 

64.4 

69 

60.7 

64 

93.6 

60.4 

58.7 

125.3 

71.8 

60.2 

158.5 

86.5 

59.5 

62.1 

50.2 

62.5 

103 

68.8 

67.8 

113.5 

75.2 

68 

115.5 

98.2  ■ 

61 

65 

59.8 

61.6 

98.9 

68.4 

61.3 

120.5 

70.3 

60.2 

102.2 

74.5 

60 

1 

139.5 

93 

Quality  of  Steam. 


Cut-off. 


High 
Pressure. 


82.2 

72.8 

56.4 

63.1 

78.5 

72.45 

58.1 

72.8 

81.5 

64.6 

70.3 

69 

76.2 

70.2 


Low 
Pressure. 


92.4 
91.8 
69.2 
62 

103.8 
94.6 
66.9 
80.5 

117.7 

103 
93.8 
82.7 

115.1 

114.3 

107.  T 
91.6 

114.3 


Release. 


High  Low 

Pressure.    Pressure. 


88.9 
91.7 
85.4 

85.5 

88.2 

79.1 

80.8 

85.1 

88.7 

79.6 

86 

87.2 

79.9 

94.  (i 

84.9 

83.7 

87.2 


130.5 

125 
96.75 
86.2 

139 

115 
98.1 
94.3 

143 

113 

103 

100 

113 

133 

115 
92.2 

132.5 
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APPENDIX    B. 

The  Logs  op  the  Trials  Follow  in  Abstract, 

triple-expansion  engine. 


Dj. 
D.. 

Da. 

Do. 

De. 

D,. 

Db. 


£  §3 

Gauge  Readings. 

2-3 
So 
5"S 

0 

K 

Pounds. 

Inches — Height. 

t« 

Boiler. 

Steam     1    "  1st          2d  Re- 
Pipe.       Receiver,     ceiver. 

Con- 
denser. 

Barom- 
eter. 

BE 

F, 

F, 

F3 

F 

F5 

Fe 

F, 

Fe 

83.77 
84.95 

85.45 

86.17 

87 

87.48 

87.97 

84.41 

119.3 

119.1 

117.1 

118.4 

117.9 

118 

117.1 

117.2 

116.3 

116.1 

114.1 

115.4 

114.7 

115 

114.1 

114.2 

37.7 

25.3 

20.1 

10.8 

5.3 

3.1 

8.6 

23.5 

2.3 

1.7 
2.9 
5.6 
6.3 

7 

7.5 
.9 

24.2 
24.3 
23.3 
24.1 
22.9 
22.1 
21.6 
24.1 

29.318 
29.318 
29.318 
29.324 
29.324 
29.324 
29.234 
29.801 

78 
84 
85 
86 
89 
91 
90 
67.2 

Compound  Engine.     Cylinder  Ratio  3  to  1 . 


84.4 

109.9 

106.9 

14.5 

22.6 

29.354 

85.48 

108.9 

106.3 

8.1 

22.7 

29.254 

86 

115.4 

112.7 

2.4 

21.5 

29.246 

87.15 

114.9 

112.1 

1.1 

21.8 

29.346 

87.72 

116 

114.3 

4.5 

23.8 

29.325 

87.83 

115.4 

112.4 

5.5 

23.5 

29.325 

87.97 

116.4 

113.4 

6.7 

23.3 

29.325 

85.52 

117.5 

114.5 

4.7 

22.7 

29.35 

48 
49 
68 


78 
78 

75 
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Symbol, 


Temperatures. 


F, 
P. 
F3 
F4 
F5 
F. 

Ft 

Fs 

Di 
D2 
D3 

I>4 

D5 

De 
Dt 
D« 


Eng.  Rm. 


95.6 

98.6 
100 

99 
103.4 
105 
104.9 

94.6 


70.9 

70.9 

78 

77.1 

89.3 

86.7 

90.3 

92 


Wat 

Condensed 

Steam. 

Inj. 

113.4 

54 

106.1 

55 

104.9 

56.6 

97.7 

57 

99 

59.3 

100.9 

60.9 

107.6 

62.1 

106.6 

59 

Disch. 


88.1 
82.4 
83.6 
78 

85.3 
87 
104 


Cal.  Steam 
Pipe. 


287.6 

287.3 

286.4 

240.3 

290.6 

290.9 

290 

287.8 


Weights 

Condensed 

Steam. 


1,809 

1,205 

1,010 

767 

554 

472 

399 

1,438 


Compound  Engine.     Cylinder  Ratio  3  to  1. 


116.4 

103.9 

103.1 

88.9 

76.9 

81.4 

82.3 

107.1 


44 

44.6 

54 

53 

50.6 

51.7 

53.3 

54.4 


83.7 

73.3 

83.1 

75.7 

63 

79.3 

86 

83.2 


291.4 

291.3 

283.9 

284 

283.6 

281.7 

282.6 

282.3 


1,639 

1,214 

915 

575 

368 

336 

287 

1,030 


Cu.  ft. 

Inj. 
Water. 


835 
704 
601 
635 
332 
305 
209 
891 


619 
605 
459 
364 
443 
204 
140 
542 


Total 
Brake 
Load. 


1,186 
916 
686 
436 
286 
186 
81 

1,036 


886 
686 
486 
280 
186 
136 
87 
586 
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Jacket  Steam  Per  Hour.    Lbs. 

Total 
Steam  per 
Hour,  in- 
cluding 
Jackets. 

Total 
Quality  of 

Stmbol. 

High 
Pressure. 

Int. 

1st 
Receiver. 

Sd 
Receiver. 

Total. 
Jacket 
Steam. 

Steam 
Begin- 
ning of 
Expan- 
sion. 

F, 

63.85 

64.7 

62.3 

65.7 

67.0 

62.9 

65.8 

64.4 

133.5 
99.8 
89.3 

82.0 
76.6 
69.4 
73.9 
117.8 

120 

123.6 

116.8 
90.8 
60.1 
65.4 
52  3 

115.7 

46.33 

47.3 

58.4 

59.9 

48.3 

44.0 

40.1 

55.4 

363.7 
335.4 
326.8 
298.4 
252.0 
241.3 
252.1 
353.3 

2173.9 

1540.6 

1337.0 

1065.4 

806.5 

714.2 

631.7 

1791.9 

70.8 

F.!    

67.2 

Fa 

55.2 

Yi 

46.4 

Fs 

32.8 

F« 

F, 

Fa 

28.3 
28.7 
70.8 

Compound  Engine.     Cylinder  Ratio  3  to  1. 


D3, 
De. 


67.57 

136.08 

203.65 

1843.1 

62.28 

141.37 

203.55 

1418.1 

59.32 

94.43 

153.75 

1069.5 

62.71 

74.58 

137.29 

712.3 

70.33 

60.03 

130.36 

498.4 

71.3 

60.03 

131.33 

447.4 

70.82 

54.75 

125.47 

412.5 

61.59 

129.38 

190.97 

1221.2 

72.7 
69.5 
60.9 
48.6 
42.6 

109 

108 

108 
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I.  H.  P.  Cylinder. 

Total 
D.  H.  P. 

Mech.  Efif. 

Pounds 
Steam  per 

1.  H.  P. 
per  Hour. 

No.  of  Ex- 

SYMBOL. 

H.  P.  C. 

Int.  C. 

L.  P.  C. 

Total. 

pansion. 

Fi  . 

Fa. 

F3. 

F4 

Fs. 

Fe. 

F,  . 
Fe. 

39.27 

37.98 
32.79 
24.20 
19.11 
14.42 
12.26 
37.98 

46.57 
37.26 
29.48 
21.80 
15.29 
12.68 
9.96 
41.51 

55.89 

37.39 
27.51 
17.02 
11.16 
6.81 
3.99 
47.0 

141.4 
112.65 
89.79 
62 .  99 
45.56 
33.93 
26.21 
127.54 

122.9 

94.8 
72.5 
45.5 
30.9 
19.3 
33.65 
108.23 

86.90 

84.1 

80.79 

72.2 

67.59 

57.0 

24.10 

85.53 

15.37 
13.68 
14.89 
16.82 
17.70 
21.05 

"  14.16' 

Compound  Engine.     Cylinder  Ratio  3  to  1. 


D. 
D3 
D, 

Do 
D, 
Ds 


54.20 

45.54 

99.75 

93.0 

92.9 

18.48 

44.22 

33.21 

77.44 

21.0 

92.0 

18.18 

36.04 

20 . 5:! 

58.24 

51.7 

89.2 

18.36 

22.88 

12.64 

35.57 

29.3 

82.5 

20.02 

14.18 

9.04 

25.22 

20.02 

80.0  • 

21.46 

12.88 

7.13 

20.01 

14.8 

73.9 

22.36 

10.93 

5.29 

16.22 

10.0 

61.7 

26.01 

41.44 

20.22 

67.74 

61.02 

90.0 

18.03 

7.66 
11.4 
17.19 
:!2.04 
41  44 
43.06 
46.40 
15.45 
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SUPPLEMENT. 

Thurston  on  Multiple-Cylinder  Engines. 

Since  the  preceding  paper  was  printed,  there  has  appeared 
the  report  of  a  series  of  trials  of  another  engine  having  the  pecu- 
liar proportion  of  higli  to  low  pressure  cylinders  here  under  dis- 
cussion. These  tests  were  made  by  Mr.  Barrus  at  the  Grosvenor 
Dale  Mills,  and  the  conditions  and  results  of  the  tests  are  such 
as  throw  some  light  upon  the  question  at  issue.  The  dimen- 
sions and  the  data  obtained  are  presented  in  the  accompany- 
ing tables.* 

The  weight  of  feed-water,  as  deduced  from  the  second  of  the 

TV  =  2  62 

three  trials,  was  -^ ^ —  —  12.03,  at  150  pounds  steam  pressure. 

log.  p  '■ 

Reduced  to  175  pounds,  the  figure  becomes  11.7;  which  is 
much  better  than  the  earlier  figure  for  the  same  pressure 
(12.84),  but  still  inferior  to  that  of  the  best  triple-expansion 
engines,  and  is  practically  identical  with  the  best  record  for  the 
large  compounds.  The  first  trial  gave  a  result  of  two  j^er  cent, 
above  this  figure  ;  the  last  gave  one  per  cent,  better. 

Noting  the  conditions  which  distinguish  the  several  trials,  it 
will  be  observed  that  the  engine  does  better  work  as  its  steam 
distribution  gives  a  closer  approximation  to  the  ideal  form  of 
engine  diagram,  as  the  drop  becomes  less  pronounced,  and  its 
wastes  are  thus  reduced.  The  first  trial  was  made  with  the  cut- 
off at  0.285  in  the  high  and  0.323  in  the  low  pressure  cylinder  ; 
the  second  with  cut-offs,  respectively,  at  0.287  and  0.236 ;  the 
third  trial  with  cut-offs  at,  respectively,  0.285  and  0.176 ;  thus 
gradually  backing  up  the  receiver  pressures  in  such  manner  as 
to  make  the  combined  card  more  and  more  similar  to  the  ideal, 
and  its  expansion  line  more  and  more  nearly  continuous,  and 
thus  raising  the  initial  pressure  in  the  low-pressure  cylinder  from 
15  to  21  pounds,  while  the  terminal  pressure,  in  the  high,  remains 
at  about  43.  Thus  the  evidence,  to  date,  would  seem  to  indi- 
cate that,  as  a  matter  of  engine  efficiency,  the  complete  equali- 
zation of  expansions  between  the  cylinders,  and  the  adoption  of 
an  expansion  without  drop  between  the  cylinders,  would  give 
still   better    results,  and   that   these    better   results    might   be 

*  Engineering  Record,  November  20,  1897,  p.  541. 
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expected  to  closely  accord  with  those  obtained  under  the  most 
favorable  conditions  by  engines  proportioned  and  operated  as 
customary  by  the  majority  of  most  snccessfnl  constructions. 

The  following  is  Mr.  Barrus's  report,  changed  in  form  slightly 
for  convenience  in  printing.* 

"The  engine  company  guaranteed"  a  duty  of  J 2^1  pounds  of 
dry  steam  per  horse-power  per  hour  with  steam  at  150  pounds 
boiler  pressure,  and  at  not  less  than  140  pounds  pressure  at 
throttle  valve ;  steam  to  be  commercially  dry  and  contain  not 
over  two  per  cent,  moisture.  Vacuum  in  condenser  to  be  not 
less  than  26  inches,  and  the  load  on  engine  to  be  Avithiu  its  eco- 
nomical range. 

The  guarantee  tests  were  simple  feed-water  trials,  and  these 
were  divided  into  three  periods  of  exactly  five  hours  each. 
Data  uj)on  the  work  of  the  boilers  were  also  obtained,  so  as  to 
make  the  tests  a  full  trial  of  the  complete  plant.  This  trial  was 
commenced  at  noon,  September  8th,  and  ended  at  the  same  time 
September  10th,  after  a  working  .run  of  48  hours.  During  this 
time  the  engine  was  run  each  day  from  6.40  a.m.  to  12  m.,  and 
from  12.40  p.m.  to  6  p.m.  At  night  the  fires  were  left  in  the 
usual  manner,  and  no  steam  was  drawn  from  the  tube  boilers 
concerned  in  the  test,  except  that  required  for  the  jackets  of  the 
engine,  which  it  is  the  practice  to  keep  constantly  heated. 

DESCRIPTION    OF   PLANT. 

The  steam  plant  here,  which  is  all  new,  consists  of  four  Man- 
ning vertical  boilers  of  the  67-inch  size,  made  by  the  Stewart 
Boiler  Works,  Worcester,  Mass.;  a  Green  economizer  having  192 
pipes,  furnished  by  the  Fuel  Economizer  Company,  of  Mattea- 
w^an,  N.  Y.;  a  brick  chimney  5  feet  inside  diameter,  150  feet  high, 
and  the  engine  under  consideration,  which  is  a  cross-compound 
jacketed  machine  with  syphon  condenser. 

The  piping  of  the  boilers  is  so  arranged  that  any  one  or  more 
boilers  can  be  used  independently  for  the  supply  of  the  engine, 
and  the  remaining  boilers  devoted  to  the  miscellaneous  heating 
work,  etc.,  of  the  mill.  While  the  test  was  going  on  the  two 
boilers  were  used  for  the  engine,  and  the  single  one  nearest  the 
chimney  for  the  other  work.  The  remaining  boiler  was  idle,  and 
in  this  the  damper  and  fire  doors  were  kept  closed.     The  feed- 

*  Engineering  Record,  November  20,  1897. 
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water  for  the  two  engine  boilers,  wliicli  was  supplied  by  a  belted 
pump,  alone  passed  through  the  economizer,  that  for  the  third 
boiler  being  supplied  independently.  The  gases  escaping  from 
all  three  boilers  passed  througli  the  economizer,  and  the  engine 
plant  had  the  benefit  of  tliis.  Tlie  conditions  of  running  the 
economizer  were  thus  slightly  different  from  those  of  customary 
practice.* 

The  length  of  steam  pipe,  which  is  9  inches  diameter  from 
the  boiler-room  to  the  throttle  valve,  is  75  feet,  and  its  surface 
together  with  the  flanges  is  well  covered  with  magnesia.  The 
pipe  contains  a  Webster  separator  5  feet  from  the  throttle  valve. 
The  draft  is  controlled  by  a  Locke  damper  regulator,  which  acts 
upon  a  damper  between  tlie  economizer  and  the  chimney. 

The  high-pressure  cylinder  is  jacketed  all  over.  The  heads 
of  the  low-pressure  cylinder  are  jacketed,  but  the  barrel  is  un- 
jacketed.  The  reheater  contains  187  square  feet  of  surface. 
The  jacketed  spaces  are  filled  with  steam  of  full  pressure  and 
drained  by  a  trap,  or  automatic  j)ump  and  receiver,  at  will.  The 
latter  is  ordinarily  used  and  the  hot  jacket  water  returned  to 
the  boilers.  During  the  test  the  trap  served  this  purpose  and 
discharged  into  the  weighing  tub  of  the  feed-water  measuring 
apparatus,  thence  passing  on  to  the  boilers.  The  intermediate 
receiver  is  drained  by  a  trap  which  discharges  to  waste.  The 
essential  dimensions  of  the  boilers,  economizer,  engine,  and 
piping  are  given  in  Table  No.  1,  as  follows  : 

Table  Xo.  1. 
Boilers. 

Diameter  of  shell,  in 67 

"         "  water  leg,  outside,  in 85 

"         "  firebox,  in 78 

(Air  and  metal  spaces  in  grates  I  in.  and  f  in.) 

Height  of  firebox,  in 51 

Length  of  tubes,  ft , 15 

Number  of  tubes,  2|  in.  outside  diameter 228 

Flue  opening,  approximate,  in 18  x  48 

Length  of  tube  surface  above  average  water  line,  in 57 

Area  grate  surface  (each),  sq.  foot 33.2 

' '  of  water  heating  surface  (each),  sq.  ft 1 ,489 

"    "  steam      "            "           "        "     "  665 

*  The  specifications  accompanying  the  contract  fix  the  most  economical  load  at 
650  horse-power. 


MULTIPLE-CYLIXDER   STEAM    ENGINES.  191 

Area  of  total  heating  surface  (each),  sq.  ft.    2,154 

■'   through  tubes,  sq.  ft 6.3 

Ratio  of  water  heating  surface  to  grate 44. 8  to  1 

"      "  steam       "             "             "   20      "  1 

"      "  grate  to  tube  area 5.3     "1 

Area  grate  surface.  2  boilers,  sq.  ft G4.4 

' '     water  beating  surface,  2  boilers,  sq.  ft 2,978 

Economizer. 

No.  of  tubes 1.93 

Area  of  heating  surface  (approx.)  sq.  ft 2,304 

Flues  and  Chimney. 

Size  of  main  flue,  ft 3x7.5 

Area  main  flue,  sq.  ft 22.5 

Diameter  chimney  flue,  ft 5 

Area               '            "     sq.  ft 19.6 

Height  of  chimney,  ft  150 

Engine.     (Partly  builder's  measure.) 

Diameter  high  pr.  cylinder,  in 18 

"             "     "    rod,  in    • 3f 

Stroke,  H.  P.  cylinder,  ft 4 

Steam  port  area,  high  pr.,  sq.  in 28.4 

Exhaust"      "         "      "      "    " 38 

Clearance                  '  <      <  <  pgj.  ^^^^ 2 

H.  P.  constant  1  lb.  m.  e.  p. 

1  rev.  per  min.,  H.  P.  cyl.,  H.  P    0604 

H.  P.  constant  1  lb.  m.  e.  p. 

80  rev.  per  min.,  H.  P.  cyl.,  H.  P 4.83 

Diameter  low  pr.  cylinder,  in 48i 

"          "      "  rod,  in 4f 

Stroke,  L.  P.  cyl.,  ft  4 

Steam  port  area  L.  P.,  sq.  in 163.5 

Exhaust"     "     "    "     "     " 208.3 

Clearance,  per  cent 2.87 

H.  P.  constant  1  lb.  m.  e.  p. 

1  rev.  per  min. ,  L.  P.  cyl 4413 

H.  P.  constant  1  lb.  m.  e.  p. 

80  rev.  per  min.,  L.  P.  H.  P 35.3 

The  valves  and  pistons  were  examined  for  leakage  prior  to 
beginning  the  feed-water  tests,  using  the  methods  commonly 
practised  by  the  writer.  The  engine  was  in  fair  condition 
throughout.  There  was  some  leakage  of  the  high-pressure 
piston,  though  not  serious,  and  the  exhaust  valve  of  the  low- 
pressure  cylinder  crank  end  was  found  to  leak  a  good  deal. 
The  engine,  as  a  whole,  was  in  much  better  condition  in  respect 
to  leakage  than  the  one  at  the  North  Grosvenor  Dale  mill,  which 
the  writer  tested  in  1805.  —  Engineering  Record,  Nov.  3,  1895. 
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The  contract  tests  covered  periods  in  the  afternoon  from  12.55 
to  5.55  o'clock  and  in  tlie  forenoon  from  6.55  to  11.55  o'clock. 
They  were  made  with  three  different  receiver  pressures.  The 
jacket  water  was  weighed  separately.  The  weight  of  water  de- 
termined is  corrected  for  the  leakage  of  the  boilers,  which  was 
found  to  be  96  pounds  per  hour. 

During  the  progress  of  the  tests  a  set  of  indicator  diagrams 
was  taken  from  each  end  of  each  cylinder  at  intervals  of  30 
miuiites.  At  similar  intervals  the  various  pressure  gauges,  the 
speed  and  temperature  of  the  steam  near  the  throttle  valve  were 
observed.  The  gauges  and  the  indicator  springs  were  also 
verified.  The  steam  and  vacuum  gauges  in  the  engine-room 
are  practically  correct.  The  receiver  gauge  is  about  right  at  5 
pounds.  It  indicates  2  pounds  less  than  the  actual  pressure  at 
9  and  13. 

Beginning  just  before  covering  the  fires  at  noontime,  Sep- 
tember 8th,  and  ending  just  before  covering  at  noon,  September 
10th,  the  coal  was  weighed  and  all  the  usual  observations  taken 
which  pertain  to  a  boiler  and  economizer  test.  The  water  was 
measured  during  the  night,  including  that  discharged  from  the 
jackets,  the  same  as  during  the  running  time.  A  reasonably 
successful  attempt  was  made  to  separate  the  coal  used  during 
the  day  from  that  of  the  night  periods,  but  a  better  idea  of  the 
consumption  of  coal  under  the  conditions  of  the  working  load 
can  be  obtained  from  the  coal  burned  during  selected  periods, 
beginning  after  the  boilers  were  well  at  work  and  ending  before 
they  were  checked  for  stopping  time.  For  such  joeriods,  aggre- 
gating 1-1.27  hours,  out  of  a  total  running  time  of  16  hours,  Sep- 
tember 9th  and  10th,  the  consumption  of  coal  amounted  to  11,399 
pounds  or  798.8  pounds  per  hour  (uncorrected  for  the  2.8  per 
cent,  moisture).  The  total  running  time  during  the  second  day 
was  10.6  hours,  and  the  consumption  of  coal  at  this  rate  during 
that  time  is  798.8  x  10.6  =  8,467.  The  actual  consumption  for 
all  purposes  for  the  24  hours  of  the  second  day  was  9,995 
pounds.  It  appears  then  that  9,995  —  8,467  equals  1,528  pounds 
was  used  in  maintaining  the  steam  during  the  night  and  noon- 
time, or  15.3  per  cent.  The  weight  of  water  evaporated  during  the 
night  and  noon  times  on  the  second  day's  run  was  4,635  pounds, 
or  5.4  per  cent,  of  the  total  evaporation  for  the  entire  24  hours, 
this  total  being  88,857  pounds.  About  10  per  cent,  of  the  coal  was 
therefore  lost  during  the  13.4  hours  while  the  engine  was  idle. 
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During  the  afternoon  of  September  8th  the  jacket  water  was 
weighed  for  only  50  minutes,  the  balance  of  the  time  being 
turned  into  the  lower  tank  unweighed.  During  the  evening  of 
September  8th  the  jackets  were  shut  off  for  some  time,  and  some 
water  was  lost  in  trying  to  work  the  injector.  It  has  been 
deemed  best,  therefore,  to  confine  the  coal  measurements  and 
boiler  work  to  a  single  24  hours'  run — that  of  the  second  day. 

The  date  and  results  of  the  general  test  of  the  plant  and  of 
the  boiler  test  are  given  in  Tables  4  to  6.  Of  these,  Table  No. 
4  gives  the  results  of  general  test  computed  from  the  14.27 
hour  period  referred  to  above  ;  Table  No.  5  the  results  for  the 
full  24  hours'  run  of  the  second  day  ;  and  Table  No.  6  the  data 
and  evaporative  results  based  on  the  14.27  hour  period. 

The  flue  gases  were  analyzed  from  time  to  time.  An  average 
of  four  tests  gave  the  following  composition  by  volume  : 

Carbonic  acid  (CO^) IJj.l  per  cent. 

Oxygen  (On) 5.7    " 

Carbonic  oxide  (CO)      0.6    "       " 

Nitrogen,  etc.  (by  difference) 80-6    "       " 

100.0    "       " 

The  trap  which  drains  the  bottom  of  the  receiver  discharged 
on  September  10th  at  the  rate  of  184  pounds  per  hour.  The 
jacket  water  for  the  three  engine  trials  averaged  9.5  per  cent,  of 
the  total  weight  of  steam  supplied.  This  is  included  in  the 
quantities  of  feed-water  given  in  the  tables  of  engine  results. 

TABLE   No.   2. 

D.\.TA  AND  Results  of  Feed-Water  Tests  of  American  Wheelock  Engine 

AT  Grosvenor  Dale,  Conn. 


Receiver  Pressure,  Lbs.  (Nominally). 


1.  Duration,  hours 

2.  Total  weight  of  feed-water  consumed,  lbs 

3.  Weight  of  water  consumed   per  hour,  corrected 

for  leakage  of  96  lbs 

4.  Indicated  II.  P.  developed,  b.  p 

!).  Average  pressure  in  steam  pipe,  lbs 

6.  Number  of  degrees  superheating,  deg 

7.  Receiver  pressure  by  gauge,  lbs 

8.  Vacuum  in  condenser,  in   

9.  Number  of  revolutions  per  minute,  rev ... 

10.  Mean  effective  pressure  II.  P.  cyl.,  lbs  

11.  Mean  effective  pressure  L.  P.  cyl.,  lbs 

12.  Feed  water  consumed  per  indie,  horse-power  per 

liour,  lbs 

13.  Dry  steam  consumed  per  I.  II.  P.  per  hour,  lbs 


Test  No.  1.  Test  No.  2. 
5.  9. 


41 


5.0  5.0 

,690.0  140,063.0 


,242.0 
670.5 
149.7 
15.7 
5.4 
26.9 
80.041 
72.44 
9.03 

12.29 
12.40i 


Test  No.  3. 
13. 


7,916.6 
658.1 
150.4 
16.4 
9.1 
26.4 
80.14 
6o.89 
9.59; 

12.03 
12.14, 


5.00 
,654.00 

,834.8 
659.1 
150.2 
12  2 
12^9 
26.6 
80.0 
61.9 
10.2 

11.89 
11.97 


13 
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TABLE    NO.  3. 
MeastjremeItts  akd  Computations  Based  on  onk  set  op  Sample  Diagrams. 


14.  Pressure  in  steam  pipe,  lbs. 

15.  Kc'ceiver  pre.^snre  by  gauge  not 

corrected,  lbs 

16.  Initial  pressure  above  atmo.«- 

pliere,  lbs 

17.  Cut-off   pressure   above    zero, 

lbs 

18.  Release  pressure   above  zero, 

lbs 

19.  Compression    pressure   above 

zero, lbs 

20.  Menu  effoctive  pressure,  lbs. . . 

21.  Back  pressure  at   mid  stroke 

above  or  below  atmosphere, 
lbs 

22.  Proportion  of  forward  stroke 

completed  at  cut-off 

23.  Proportion  of  forward  stroke 

completed  at  release 

24.  Proportion  of  backward  stroke 

uncompleted  at  compression. 

25.  Steam  accounted  for  at  cut-off, 

lbs 

26.  Steam  accounted  for  at  release, 

lbs 

27.  Proportion    of    feed-water  ac- 

cimnted  for  at  cut-off 

28.  Proportion  of    feed-water  ac- 

counted for  at  release 


Test  No.  1. 


151.0 
5.5 


H.  P.  Cyl. 

143.9 

140.0 

42.5 

28.0 
72.70 

-1-6.0 
.285 
.981 
.065 
9.54 
9.62 
.770 
.776 


L.  P.  Cyl. 
5.2 

15.4 
5.2 

5.4 

9.08 

-13.1 
.323 
.927 
.064 
9.07 
8.88 
.732 
.716 


Test  No.  2. 


150.2 
9.0 


Test  No.  3. 


150.5 

12.8 


H.  P.  Cyl. 

L.  P.  Cyl. 

H.  P.  Cyl. 

L 

141.8 

9.9 

143.0 

147.8 

19.9 

145.9 

43.4 

5.2 

43.0 

36.4 
66.75 

6.4 
9.61 

38.8 
62.27 

-hl2.5 

-12.8 

-^16.5 

- 

.287 

.236 

.285 

.975 

.913 

.979 

.062 

.064 

.073 

9.54 

8.57 

9.21 

9.76 

8.65 

9.58 

.786 

.706 

.769 

.800 

.712 

.800 

P.  Cyl. 

14.5 

24.7 

5.2 

7.7 
10.23 

-13.0 
.176 

.895 
.056 
7.96 
8.43 

.664 
.704 


TABLE   NO.   4. 
Data  and  Results  of  Engine  and  Boiler  Test  for  14.27  Hour  Period. 

1.  Duration,  lirs 14.27 

2.  Weight  of  dry  coal  consumed,  Jbs 11,080 

3.  Dry  coal  consumed  per  hour,  lbs 776.5 

4.  Average  indicated  horse-power  developed  by  engine,  H.  P 660.1 

5.  Coal  per  I.  H.  P.  per  hr.  for  period  of  14.27  hrs.,  lbs 1.18 


TABLE   NO.    5. 
Data  and  Results  of  Engine  and  Boiler  Test   for  24-Hour  "WORKiNa 

Run. 

1.  Duration,  or  length  of  time  engine  was  running  at  speed,  hrs 10.6 

2.  Weight  of  dry  coal  consumed,  including  banking  coal,  etc.,  lbs 9,715 

3.  Estimated  percentage  of  total  coal  used  during  time  when  engine  was 

idle,  per  cent 15 

4.  Total  weight  of  water  evaporated,  lbs 88,857 

5.  Estimated  percentage  of  total  water  used  during  time  when  engine 

was  idle,  per  cent  5 

6.  Dry  coal  consumed  her  hour,  lbs 916.5 

7.  Average  indicated  horse-power  developed  by  engine,  H.  P 658.6 

8.  Coal  per  I.  H.  P.  per  hour  for  entire  24  hrs.,  lbs 1.39 
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TABLE   NO.    6. 

Data  and  R«8ults  of  Evaporative  Tests  on  Mahning  Boilers  at  Gros- 
VENOR  Dale,  Conn. 

Kind  of  coal Cumberland 

Percentage  of  moisture  in  coal 2.8j» 

Date September  9-10,  1897 

Total  Quantities. 

1.  Duration,  brs 14.27 

2.  Weight  of  dry  coal  consumed,  lbs  11,080 

3.  Weight  of  ashes  and  clinkers,  per  cent 

4.  Percentage  of  ashes  and  clinkers,  per  cent 8.5 

5.  Weight  of  water  evaporated 

Hourly  Quantities. 

6.  Coal  consumed  per  hour,  lbs 776.5 

7.  Coal  per  hour  per  sq.  ft.  of  grate,  lbs 11.7 

8.  Water  evaporated  per  hr. ,  lbs 8,094 

9.  Equiv.  evaporation  per  hr.  feed  100  deg.,  pressure  70  lbs.,  lbs 7,458 

10.  Horse-power  developed,  A.  S.  M.  E.  basis  of  30  lbs.,  H.  P 248.6 

11.  Equiv.  evaporation  per  sq.  ft.  heating  surface  per  hour,  lbs 2.5 

Averages  of  Observations,  etc. 

12.  Average  boiler  pressure,  lbs 153.4 

13.  Aver.  temp,  feed-water,  entering  economizer,  deg  101.3 

14.  Aver.  temp,  feed-water,  leaving  economizer,  deg 209 

15.  Aver.  temp,  flue  gases  entering  economizer,  deg 520 

16.  Aver.  temp,  flue  gases  leaving  economizer,  deg 322 

17.  Average  draft  suction,  in 16 

18.  Number  degrees  superheated,  deg 12.40 

19.  Weather  and  outside  temperature Clear-Hot 

20.  Total  heat  of  combustion  per  pound  of  dry  coal,  B.  T.  D' 13,970 

21.  Total  heat  of  combustion  per  pound  of  combustible,  B.  T.  U 14,869 

Results. 

22.  Water  evaporated  per  pound  of  dry  coal,  lbs 10,424 

23.  Equivalent  evaporation  per  pound  of  dry  coal  from  and  at  212  degrees, 

including  superheat  and  including  economizer,  lbs 12,208 

24.  Equivalent  evaporation  per  pound  of  combustible  from  and  at  211  de- 

grees, including  superheat  and  including  economizer,  lbs 13,343 

25.  Efficiency  on  combustible,  not  including  economizer,  per  cent 78.2 

27.  Efficiency  on  combustible,  including  economizer,  per  cent 86.5 

Note.— The  total  weight  of  dry  coal  consumed  for  the  241i(iiir  run  of  the  second  day.  includ- 
ing bankin<j  coal,  etc.,  was  f»,715  pounds,  and  the  total  weight  of  water  evaporated,  88,857  pounds. 
The  water  evaporated  per  pound  of  dry  coal  was  9.1  JG  pounds,  as  against  the  10,424  pounds  given 
above  for  the  14.27-hour  period. 
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DISCUSSION. 

3lr.  Frank  E.  Ball. — This  paper  is  a  valuable  addition  to  the 
sum  of  knowledge  regarding,  the  steam  engine,  and  the  experi- 
mental investigation  which  it  reports  is  of  special  interest  in  the 
study  of  multiple  cylinder  engines.  It  is  to  be  regretted,  how- 
ever, that  the  authors  did  not  give  us  some  more  clearly  defined 
conclusions  wliich,  in  their  judgment,  are  derived  from  the  data 
of  their  trials. 

On  page  154,  the  last  sentence  of  the  third  paragraph  makes 
the  following  announcement  of  the  purpose  of  the  investi- 
gation that  is  to  follow :  "  The  question  is  not  whether  a  two- 
cylinder  is  better  than  a  three-cylinder  series  engine,  but 
■whether  novel  proportions  are  to  be  adopted  with  the  older 
type  of  engine."  From  this  announcement  we  are  led  to  ex- 
pect some  definite  conclusions  as  to  the  relative  merits  of 
the  3-to-l  compound  and  the  7-to-l  engine,  but  the  authors 
seem  to  have  forgotten  tbeir  original  purpose  and  the  only 
later  reference  to  this  comparison  is  an  incidental  remark  on 
page  183  to  the  effect  that  "  In  a  comparison  of  the  7-to-l 
with  the  3-to-l  compound  all  efficiencies  seem  to  favor  the 
larger  cylinder  ratio."  This  sentence  would  be  entirely  over- 
looked in  a  hasty  search  for  an  answer  to  the  announced  pur- 
pose of  the  paper.  In  the  closing  paragraph  the  following 
reference  to  the  7-to-l  engine  is  made:  "It  is  a  compound 
engine  thermodynamically  misapplied  and  operated  under  con- 
ditions— ideally  at  least — defective.  It  remains  to  be  seen, 
however,  whether  with  variable  load  this  may  not  prove  on  the 
whole  a  practically  correct  and  financially  efficient  system." 
Presumably  this  comparison  is  made  between  the  7-to-l  and  the 
8-to-l  compounds,  and  if  so  it  is  not  a  fair  statement  of  the  case, 
because  the  7-to-l  engine  made  very  much  the  better  showing. 
If  this  comparison  is  made  between  the  7-to-l  compound  and  the 
triple,  then  it  is  misleading,  because  it  is  not  clearly  stated  as 
such  and  will  generally  be  understood  to  refer  to  the  compounds. 

On  page  1 76  a  "  conclusion "  is  announced,  but  here  we 
look  in  vain  for  what  we  had  expected  as  to  the  relative 
merits  of  the  two  types  of  compounds,  so  that  we  are  left  to 
delve  among  the  figures  for  what  we  had  hoped  would  be  clearly 
shown  in  the  conclusion.  Most  of  us  read  these  papers  rather 
hurriedly,  and  often  get  but  a  vague  idea  of  the  subject,  or  pos- 
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sibly  au  incorrect  idea,  unless  the  author  digests  it  for  us  and 
furnishes  a  condensed  summary  of  the  conclusions  that  seem  to 
'follow  from  the  data  obtained.     These  conclusions   should  be 
clearly  stated  and  confined  to  the  subjects  actually  investigated. 
If  theories  or  opinions  are  volunteered  it  should  be  made  clear 
that  they  arc  not  based  on  the  results  of  the  experimental  inves- 
tigation if  such  is  the  case.     Theories  are  both  interesting  and 
useful,  but  they  should  not  be  confused  with  facts.     The  paper 
under  consideration  is  particularly  faulty  in  this  respect.     Be- 
ginning on  the  nineteenth  page,  considerable  space  is  devoted  to 
describing  "  The  Eequisites  "  for  certain  results.     Presumably, 
these  deductions  are  based  on  the  knowledge  obtained  from  the 
reported  experiments,  but  such  does  not  seem  to  be  the  case, 
as  they  are  totally  irrelevant  to  the  subject  under  investigation, 
and,  what  is  still  worse,  some  of  the  theories  here  elaborated  are 
demonstrated  to  be  false  by  the  reported  facts  of  the  tests. 
This  is  most  noticeable  in  the  third  clause  of  page  171,  which 
reads  as  follows  :  "  From  either  point  of  view,  '  drop  '  between 
cylinders  is  evidently  not  desirable,  except  at  the  point  of  termi- 
nation of  expansion  in  the  low-pressure  cylinder  before  condensa- 
tion begins,  where  drop  is  required  to  the  extent  of  the  sum  of 
the  quantities :  friction  and  cylinder  condensation  wastes,  includ- 
ing also,  if  it  exists,  leakage."     This  theory  in  regard  to  "  drop  " 
is  one  that  the  writer  has  attacked  before  (vol.  xvi.,  page  184, 
Transactions  A.  S.  M.  E.) ;  but  on  the  former  occasion  his  argu- 
ment was  made  in   part  from  a   theoretical  standpoint.     The 
data  of  the  paper  under  consideration  is  good  evidence  on  this 
interesting  subject,  and  certainly  seems  to  disprove  the  theory 
just  quoted  from  the  twentieth  page. 

In  comparing  the  diagrams  from  the  two  compounds  (the 
7-to-l  and  the  3-to-l),  the  most  conspicuous  difference  is  in 
regard  to  the  terminal  "  drop  "  between  the  cylinders,  and  the 
higher  efficiency  is  with  the  excessive  "  drop."  If  Dr.  Thurston 
has  any  facts  to  support  his  theory  it  is  hoped  that  he  will  offer 
them  in  his  closing  discussion.  The  writer  agrees  with  him  fully 
as  to  the  necessity  of  drop  in  the  low-pressure  cylinder  to  cover 
certain  losses,  but  the  same  reasoning  will  apply  with  even  more 
force  to  the  other  cylinders,  because,  as  this  paper  shows  clearly, 
an  appreciable  part  of  the  free  expansion  loss  due  to  drop  in  the 
high-pressure  cylinder  is  recovered  by  the  improved  quality  of 
the  steam  entering  the  next  cylinder.     All  the  reasons  for  drop 
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ill  tbo  low-pressure  cylinder  apply  to  the  other  cylinders  and 
the  additiontil  reason  just  mentioned.  The  writer  Avill  not  here 
repeat  the  arguments  that  he  used  in  the  discussion  of  Mr. 
Dean's  j^aper  referred  to  below,  but  will  put  himself  on  record 
as  still  adhering  to  the  position  then  taken. 

Referring  again  to  the  twentieth  page  of  the  paper  under  con- 
sideration, and  the  paragraph  relating  to  "droj),"  the  latter  half 
of  this  paragraph  reads  as  follows  :  "From  either  point  of  view, 
also,  compression  to  boiler  pressure  with  minimum  dead  spaces 
and  minimum  clearance,  is  requisite."  There  having  been  no 
investigation  of  the  effect  of  comparison  in  the  reported  trials 
of  the  Sibley  College  engine  it  would  be  interesting  to  know 
what  facts  Dr.  Thurston  can  give  in  support  of  his  compression 
theory. 

This  question  was  discussed  in  connection  with  Mr.  Dean's 
paper  on  page  186,  vol.  xvi.,  Transactions  A.  S.  M.  E.,  and  in 
that  discussion  reference  was  made  to  the  investigation  con- 
ducted by  Professor  Jacobus,  and  reported  by  him  in  a  paper 
presented  at  the  Montreal  meeting  of  this  Society.  That  inves- 
tigation showed  clearly  that  the  best  economy  was  not  obtained 
by  compressing  to  boiler  pressure.  Mr.  Dean's  reply  to  that 
discussion  contained  no  facts  in  support  of  his  theory,  and  he 
was  content  to  rest  his  case  by  saying  that  the  engine  used  for 
the  Jacobus  test  had  large  clearance,  etc.  Possibly  Dr.  Thur- 
ston may  be  better  supplied  with  facts  to  support  his  theory, 
but  if  not  he  will  hardly  take  the  ground  that  what  is  true  of 
an  engine  with  large  clearance  is  not  true  in  any  degree  with  a 
smaller  clearance. 

J//'.  George  I.  Bockwood. — Dr.  Thurston's  paper  is  full  of  in- 
terest to  all  steam  engineers.  The  main  object  of  the  paper, 
perhaps,  may  be  said  to  be  to  discuss  that  type  of  engine  which 
is  intermediate  between  the  regular  comj)ound,  of  two  cylinders, 
and  the  regular  compound  having  three  cylinders. 

So  far  as  I  know,  this  intermediate  type  of  compound  engine 
was  not  in  existence  sis  years  ago,  although  the  idea  was  par- 
tially exhibited  in  the  design  of  certain  marine  engines,  notably 
by  those  in  the  ships  of  Messrs.  F.  Leyland  <fe  Company,  of  Liv- 
erpool, who  adopted  them  some  ten  years  ago.  I  say  "  par- 
tiall}^"  because  the  engines  were  too  small  for  their  boilers,  and 
hence  were  run  at  a  cut-off  so  late  in  the  stroke  that  the  free 
expansion  loss  was  relatively  very  large,  a  fact  which  gave  these 


MULTIPLE-CYLIXDER    STEAM    ENGINES.  199 

engines  a  worse  name  tlian  tbej  were  entitled  to,  and  prevented 
the  spread  of  the  adoption  of  this  type  in  steamships.  It  has 
appeared  to  me  that  the  unsteady  motion  of  a  large  set  of  such 
engines,  which  would  be  likely  to  accompany  them  when  at 
work  with  full  boiler  pressure  and  an  early  cut  off,  would  tend 
greatly  to  render  them  unpopular  aboard  jDassenger  ships. 

Certainly,  however,  it  is  true  that  this  type  of  engine  was  not 
to  be  found  at  work  anywhere  on  land  six  years  ago.  It  is  not 
strange,  therefore,  that  the  proposition  to  abandon  the  use  of 
the  intermediate  cylinder  of  triple  compound  engines,  advanced 
in  the  fall  of  1891,  was  condemned  spontaneously  as  wrong  in 
principle  by  all  the  profession  who  took  an  interest  in  it  ;  nor 
is  it  altogether  to  be  wondered  at  that  its  progress  has  been 
regarded  with  suspicion.  I  think,  however,  that  with  the  tests 
of  several  examples  of  this  new  type  of  engine  before  us,  and  in 
the  light  of  the  good  work  these  engines  continue  to  do,  the 
time  has  come  to  admit  the  intermediate  compound  to  good 
standing  in  the  fellowship)  of  engines. 

With  the  exception  of  what  I  have  been  able  to  do  in  the 
same  direction.  Dr.  Thurston's  paper  presents  an  account  of  the 
first  comjietent  experimental  investigation  of  the  correct  place 
which  the  intermediate  compound  should  hold  in  the  general 
theory  of  the  compound  steam  engine.  Although  it  is  rather 
belated,  I  warmly  welcome  it  as  such. 

The  discussion  of  the  data  is  rather  confusingly  mixed  with 
the  author's  views  of  the  relative  standing  of  three  Mell-known 
engines  ;  but  the  paper  is  written  with  so  much  care  that  a  close 
study  will  reveal  where  his  views  on  the  theory  of  the  multiple- 
cylinder  engine  are  based  on  the  Sibley  College  experiments, . 
and  where  on  the  tests  of  these  three  other  unrelated  engines. 
In  a  study  of  the  paper  the  fact  should  be  kept  in  mind  that 
the  deductions  of  Dr.  Thurston  from  a  consideration  of  the  rela- 
tive economies  of  the  three  different  types  of  engines — the 
Natick,  the  Allis,  and  the  Louisville — are  contradictory  to  his 
deductions  from  the  data  of  the  Sibley  College  engine  tests.  It  is 
unnecessary  for  me  to  do  more  than  refer  to  the  fact  tliat  I  dis- 
agreed wholly  with  the  comparisons  instituted  l)y  Dr.  Thurston 
between  the  Natick,  Milwaukee,  and  Louisville  engines,  in  the 
discussion  of  Mr.  Dean's  paper,  vol.  xvi,  page  184,  and  which 
comparison  he  transposes  from  that  paper  into  the  present  one. 
My  comparisons,  as  given   and  published  in  the  discussion  on 
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that  paper,  wlietlier  actually  true  or  erroneous,  I  still  consider 
to  be  correct,  and  I  still  hold  to  them. 

The  })riucipal  value  of  this  paper  to  me  lies,  not  in  these  com- 
parisons, but  in  that  portion  of  it  which  is  devoted  to  the  very 
keen  analysis  of  the  trials  of  the  Sibley  engine.  One  feature  of 
great  interest  is  the  investigation,  by  aid  of  the  indicator  dia- 
grams, into  the  effect  of  drojo  on  cylinder  condensation.  After 
giving  the  figures  for  the  quality  of  the  steam.  Dr.  Thurston 
says  on  i^age  1/7 :  "  Although  with  drop  there  is  a  marked 
increase  in  the  range  in  temperature  when  calculated  from  the 
increased  range  of  pressure  in  the  high-pressure  cylinder,  the 
liberated  heat  from  the  expanded  steam  in  the  high-pressure 
exhaust  is  sufiicient  to  make  up  for  this  increased  pressure 
range,  and  to  give  even  a  slightly  improved  quality  at  the  high- 
pressure  point  of  cut-off.  This  liberated  heat  also  has  the  effect 
of  superheating  the  steam,  and  thus  of  lessening  the  internal 
loss  in  the  low-pressure  cylinder.  There  is  also  a  gain  of  work, 
owing  to  the  absence  of  an  intermediate  cylinder  whose  clear- 
ance volume  exceeds  that  of  the  high-pressure  cylinder  in  the 
ratio  of  the  squares  of  their  respective  diameters."  The  curves 
given  in  Fig.  47  also  show  the  remarkable  extent  to  which  an 
increase  of  drop  increases  the  quality  of  the  steam.  The  author 
proceeds  to  remark  that  the  gain  by  exj)ansion  in  the  inter- 
mediate cylinder  is  sufficient  to  offset  these  good  effects  of  drop 
in  the  case  of  the  Sibley  engine.  This  is  valuable  information 
in  kind,  for  it  shows  how  far  one  may  proceed  in  increasing  drop 
before  it  becomes  a  net  loss  to  go  further  by  reason  of  the 
increase  in  free  expansion  loss.  It  shows  this,  however,  only 
for  cases  like  the  Sibley  engine  ;  cases  where  the  steam  pressure 
is  but  115  pounds  and  the  vacuum  22.84  inches.  I  regret  that 
the  conditions  of  steam  pressure  and  vacuum  obtaining  through- 
out these  tests  were  not  more  representative  of  the  best  practice 
of  to-day.  If  a  boiler  pressure  of  160  pounds  had  been  available, 
and  if  the  vacuum  had  been  27  inches  or  more,  the  results 
would  have  been  rendered  of  far  greater  general  interest.  The 
low  boiler  pressure  and  excessive  drop  are  circumstances  which 
prevent  the  general  apj^lication  of  conclusions  drawn  from  these 
data  to  engines  working  under  more  favorable  conditions. 
Thirty  pounds  of  drop  is  a  much  more  serious  handicap  to  an 
engine  having  a  cylinder  ratio  of  7  1,  when  working  with  a 
boiler  pressure  of  115  pounds,  than  it  would  be  if  the  pressure 
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was  160  pounds.  I  tliiuk  investigations  like  this,  howevor,  are 
particularly  valuable  to  establish  the  precise  point  beyond 
which  drop  must  not  be  carried,  and  I  hope  we  ijiay  be  favored 
with  more  such  experimental  data. 

I  should  say  that  the  general  principle  to  be  followed  in  the 
design  of  an  "  intermediate  compound  "  could  be  stated  thus  : 
When  the  "gap"  due  to  "drop"'  exceeds  the  "gaj)'"  due  to 
greater  cylinder  condensation,  greater  clearance,  and  to  the 
wire-drawing  action  of  the  ports  of  the  intermediate  cylinder, 
then  "  drop  "  becomes  a  net  loss. 

On  page  173  Dr.  Thurston  states  his  conclusions  from  a  com- 
parison of  the  data  yielded  by  the  Sibley  engine,  run  in  the 
three  different  ways,  in  the  following  words  :  "  In  conclusion, 
these  comparisons,  after  making  all  allowances,  show  an  economy 
in  favor  of  the  triple,  when  compared  to  the  7-to-l  compound,  of 
over  one  pound  of  steam  per  horse-power  per  hour,  and  a  larger 
gain  by  the  latter  when  compared  to  the  compound  engine  of 
3-to-l  ratio.  The  bearing  of  these  results,  however,  on  the 
relative  merits  of  the  three  types,  is  a  matter  which  experiment 
on  one  engine  and  under  one  set  of  conditions  cannot  definitely 
determine.  As  tests  have  been  made  of  the  triple-expansion 
engine  under  all  systems  of  jacketing,  there  is  no  room  for  im- 
provement in  this  direction.  In  the  7-to-l  compound,  however, 
a  change  in  the  jackets,  and  even  more  probably  a  change  in  the 
size  and  distribution  of  the  receiver  volumes,  might  reduce,  if 
not  nearly  bridge  over,  the  gap  which  at  present  separates  it,  so 
far  as  steam  consumption  is  concerned,  from  the  triple-expansion 
engine."  This  last  statement  is  an  important  admission.  I 
think  the  truth  of  it  would  be  still  more  evident  if  the  diagram 
on  Fig.  44  were  altered  a  little  in  respect  of  the  position  of  the 
triple  curve.  If  the  curve  were  to  be  drawn  through  the  actual 
points  of  the  tests  it  would  be  seen  to  hug  the  curve  of  the 
7-to-l  compound  quite  closely,  but. forming  a  hook  at  its  lowest 
points.  Perhaps  the  disturbing  influence  which  causes  this 
sudden  increase  of  efficiency  in  the  triple  might  produce  the 
same  effect  in  the  compound  if  present  at  its  trials.  I  presume 
the  triple  had  a  better  vacuum,  or  drier  steam,  or  perhaps  an 
accidental  improvement  in  radiation,  to  account  for  the  peculiar 
shape  of  the  actual  curve. 

The  comparison  of  the  combined  indicator  cards  in  Fig.  45  is 
valuable,  and  I  do  not  see  why  it  may  not  be  regarded  as  con- 
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elusive  evidence  of  the  substantially  equal  economy  of  tlio  two 
types  of  engine.  If  one  measures  the  shaded  portions  belong- 
ing, respectively,  to  each  engine,  but  neglects  the  lowest  shaded 
portion,  rejjresentiug  the  advantage  of  the  triple  due  to  a  better 
vacuum,  and  neglects  also  the  shaded  portion  at  the  top,  repre- 
senting the  advantage  of  the  comj^ound  due  to  a  little  higher 
steam  pressure,  it  will  be  found  that  the  compound  is  consider- 
ably ahead.  The  triple  would  undoubtedly  nullify  this  advan- 
tage if  its  temperature  range  were  lessened  by  the  difference  in 
vacuum,  as  Dr.  Thurston  points  out  at  the  bottom  of  page  166. 

At  the  end  of  the  paper  Dr.  Thurston  alludes  to  the  first-rate 
performance  of  the  compound  Allis  engine  at  the  Warren  Manu- 
facturing Company's  mill  in  Rhode  Island,  as  representative  of 
the  best  w^ork  of  a  mill  engine  of  the  "  orthodox  compound  " 
type.  Now,  as  a  matter  of  fact,  this  engine  has  a  cylinder  ratio 
quite  a  good  deal  larger  than  the  "  orthodox  "  ratio  of  l-to-3.5. 
That  is  to  say,  instead  of  having  a  low-pressure  diameter  of  68 
inches,  the  diameter  of  this  cylinder,  to  represent  common 
practice,  would  have  to  be  50  inches ;  the  difference  makes  the 
actual  ratio,  l-to-4.7,  larger  by  an  increase  of  34  per  cent.  The 
engine  is  also  of  huge  size,  compared  with  any  existing  example 
of  the  intermediate  type  of  compound  engine.  But  over  against 
the  steam  consumption  per  horse-power  of  this  engine  let  me 
put  that  of  the  Grosvenor  Dale  18-inch  and  48-inch  by  48- 
inch  cross-compound  engine.  The  Warren  engine  is  said  to  use 
12.5  pounds.  The  Grosvenor  Dale  engine  requires  only  11.9 
pounds,  although  of  but  one-third  the  power;  this  with  but 
143  pounds  steam  pressure.  This  result,  which — according  to  the 
report  of  Mr.  Barrus  which  is  published  in  a  recent  number  of 
a  technical  journal  * — is  accompanied  wdth  a  coal  consumption 
of  1.18  pounds,  presses  closely  on  the  heels  of  the  Leavitt  and 
Reynolds  engines.  In  fact,  this  engine  undoubtedly  surpasses 
them  both  in  economy  per  delivered  horse-power.  Why, 
then,  is  it  not  unfair  to  call  it  an  "  engine  thermodynamically 
misapplied,  and  operated  under  conditions — ideally,  at  least  — 
defective  ?  "  It  is  neither  a  *'  mutilated  "  triple  compound,  nor  is 
it  an  abnormal  instance  of  an  ordinary  "  orthodox  "  compound. 
It  is  a  type  by  itself,  standing  at  the  head  of  all  engines  of 
whatever  type,  so  far  as  our  experience  goes,  up  to  date. 

The  Engineering  Becord,  issue  of  November  20tli,  and  supplement  of  paper 
under  discussion. 
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Mr.  John  H.  Barr. — About  the  time  the  experiments  of  Messrs. 
Brinsmade  and  Harding  were  being  planned,  Dr.  Amsler  (then 
a  fellow  in  Sibley  College)  undertook  an  investigation  along 
lines  which  were  suggested  by  me  as  the  result  of  speculation 
upon  the  advantages  and  disadvantages  of  Mr.  Rockwood's 
system.  It  appeared  that  the  principal  mechanical  and  thermal 
gain  by  the  latter  system  over  the  ordinary  triple  was  (under 
steady  load)  due  to  the  smaller  clearance  loss  ;  next  in  impor- 
tance is  the  saving  from  reduced  wire-drawing  between  the 
cylinders  ;  while  the  drying  of  the  steam  by  free  expansion 
during  drop  at  release  in  the  high-pressure  cylinder  is  an  inci- 
dental but  small  source  of  gain.  Under  a  load  varying  through 
wide  range,  a  great  drop  at  high-j)ressure  release  permits  con- 
siderable change  in  the  point  of  cut-off  without  either  looj^ing 
at  the  end  of  expansion  in  the  first  cylinder  or  materially 
changing  the  receiver  pressure.  Owing  to  this  last  feature,  it 
seems  possible  that  such  an  engine  may  give  favorable  results 
under  varying  load,  even  if  its  best  performance  is  inferior  to 
the  best  performance  of  a  corresponding  triple-expansion  en- 
gine. The  disadvantages  of  the  two-cylinder  engine,  as  com- 
pared with  the  triple,  are  the  increased  cylinder  condensation, 
and  the  mechanical  loss  due  to  the  considerable  drop  after  high- 
pressure  release.  For  comparison,  the  records  of  trials  of  the 
Sible}'  College  triple-expansion  engine  were  used  as  data. 
Diagrams,  which  it  was  assumed  would  approximately  re23resent 
the  corresponding  two-cylinder  type,  were  then  constructed. 

The  resulting  graphical  work  is  very  similar  in  appearance  to 
Fig.  45  of  the  present  paper,  except  that  the  initial  and  exhaust 
pressures  were  kept  constant  for  all  cases.  It  was  assumed 
that  the  receiver  pressure  with  the  two-cylinder  type  remained 
the  same  as  for  the  last  receiver  in  the  triple  ;  that  initial 
condensation  in  the  high-pressure  cylinder  increased  in  the 
ratio  of  the  increase  of  temperature  in  that  cylinder,  and  that 
the  accom23anying  greater  re-evaporation  would  give  the  same 
quality  at  exhaust  as  with  the  triple.  This  last  assumption 
may  not  be  entirely  warranted,  but  inspection  of  Fig.  Ao  shows  a 
similar  result  from  actual  trials. 

When  the  second  cylinder  is  cut  out,  if  the  point  of  cut-off 
in  the  high-pressure  cylinder  remains  unchanged,  the  additional 
initial  condensation  requires  a  greater  quantity  of  steam  to  fill 
the  cylinder  up  to  cut-off.     The  loss  thus  incurred  in  the  first 
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cylinder  is  iiiirtially  compensated  for  hy  tlie  larger  quantity  of 
steam  admitted  to  the  last  cylinder,  in  which  the  condensation 
presumably  is  not  much  different  than  with  the  triple. 

The  effect  of  the  free  expansion  in  dryin<^  the  steam  was  found 
to  be  small.  Without  going  into  further  details  the  results  will 
be  giyen. 

Results. 
Unjaclxted  Engine. 

Triple  :  I.  II.  P.  =  140.2  ;  Water  Rate  =  15.78 
Two  Cylinders  :  I.  H.  P.  =  141.0  ;        "        "    =  18.86 

Triple  :  I.  H.  P.  =  46.1  ;  "  "  =  19.92 
Two  Cylinders  •  I.  H.  P.  =    57.4;        "         "    =20.10 

Jacketed  Engine. 

Triple  :  I.  H.  P.  =  141.4  ;  Water  Rate  =  15.37 

Two  Cylinders  :  I.  II.  P.  =  152.0  ;  "         "     ~  15.58 

Triple  :  I.  H.  P.  =    45.G  ;  "         "     =  17.70 

Two  Cylinders  :  I.  H.  P.  =    47.7  ;  "         "     =  16.80 

Prof.  Horace  B.  Gale. — The  points  in  this  paper  to  which  I 
wish  to  call  attention  have  been  already  touched  upon  by  Mr. 
Ball  and  Mr.  Kockwood,  but  not  as  emphatically  as  it  seems  to 
me  is  justified  by  the  importance  of  the  subject.  They  are  ex- 
pressed in  the  following  jiaragraph  (page  171),  which  I  quote  : 

"  From  either  point  of  view,  '  drop  '  between  cylinders  is  evi- 
dently not  desirable,  except  at  the  point  of  termination  of  ex- 
pansion in  the  low-pressure  cylinder  before  condensation  begins, 
where  drop  is  required  to  the  extent  of  the  sum  of  the  quan- 
tities :  friction  and  cyclinder-condensation  wastes,  including 
also,  if  it  exists,  leakage.  From  either  point  of  view,  also,  com- 
pression to  boiler  pressure,  with  minimum  '  dead  spaces  '  and 
minimum  clearance,  is  requisite.  In  either  class  of  engine  the 
machine  acts  as  a  whole,  and  is  to  be  treated  as  if  the  work  at 
the  crank- shaft  were  performed  as  indicated  in  the  combined 
diagram,  in  the  case  of  the  multiple-cylinder  engine,  precisely 
as  if  it  were  a  simple  machine." 

This  question  of  "  drop  "  at  the  end  of  the  expansion  line  in 
the  high-pressure  and  intermediate  cylinders  of  a  compound 
eno-ine  has  been  brought  up  several  times  in  discussions  of  the 
compound  engine  before  this  Society. 

I  remember  first  advocating  the  desirability  of  such  a  drop  in 
the  high-pressure  diagram  at  the  Nashville  meeting  some  ten 
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years  ago,  in  the  discussiou  of  a  test  of  a  compound  engine  by- 
Mr.  Barrus,  ami  again  at  the  San  Francisco  meeting  in  1892,  in 
the  discussion  of  the  paper  by  Messrs.  Green  and  K/Ockwood, 
on  "  Two-cylinder  versus  Multi-cylinder  Engines." 

It  has  seemed  to  me  as  absolutely  demonstrable  as  any  prop- 
osition in  mathematics  that  such  a  drop  is  advantageous. 

If  the  authors  of  this  paper  will  spend  a  little  time  over  the 
mathematics  of  this  question,  the  fact  will  be  as  obvious  to  them, 
I  believe,  as  it  is  to  me,  that  "  drop  "  between  cylinders  is  desir- 
able and  necessary  to  attain  the  highest  degree  of  efficiency. 
Many  able  designers  seem  to  have  taken  for  granted  that  the 
desideratum  in  a  compound  engine  is  to  make  composite  dia- 
gram correspond  as  closely  as  possible  to  the  theoretical  dia- 
gram of  a  single-cylinder  engine  having  the  same  initial  and 
final  pressures.  In  so  doing,  however,  they  sacrifice  a  part  of 
the  practical  advantages  in  reduction  of  heat  losses  which  give 
the  compound  engine  its  superiority  over  the  simple  engine. 

There  are  several  ways  of  proving  this  proposition.  Here  is 
one.  Consider  any  cylinder  of  a  multi-cylinder  engine,  Avork- 
ing  between  receivers  at  two  given  pressures.  It  takes  steam 
from  a  receiver  (or  the  boiler,  as  the  case  may  bej  at  a  fixed 
pressure,  and  delivers  it  to  another  receiver  (or  to  a  condenser, 
as  the  case  may  be)  at  a  lower  fixed  pressure.  Any  one  of  the 
cylinders,  considered  by  itself,  is  a  simple  engine  working  be- 
tween a  fixed  initial  and  a  fixed  back  pressure.  Anything  that 
increases  the  efficiency  of  any  cylinder,  by  itself,  working  be- 
tween its  given  pressures,  must  increase  the  efficiencj-  of  the 
whole  engine,  provided,  of  -course,  that  the  change  does  not 
afi'ect  injuriously  the  quality  of  the  steam  delivered  to  the  fol- 
lowing cylinder.  Now,  it  is  admitted  that  the  efficiency  of  a 
simple  engine  working  between  any  two  fixed  pressures  is  in- 
creased by  permitting  a  certain  "  drop  "  at  the  end  of  the  ex- 
pansion line — because  such  a  drop  permits  the  use  of  a  smaller 
cylinder  to  do  the  same  efiective  work,  thus  diminishing  the 
heat  losses  and  friction  losses,  each  of  which  increases  with 
the  size  of  the  cylinders. 

Such  a  "  drop,"  therefore,  will  increase  the  efficiency  of  each 
cylinder  of  a  multi-cylinder  engine,  and  therefore  must  improve 
the  performance  of  all  the  cylinders  together.  AVith  the  same 
initial  and  receiver  pressures,  the  "  drop  "  permits  each  cylinder 
to  be  made  smaller,  doing  the  same  work,  than  it  could  be  made 


206  MULTIPLE-CYLINDER  STEAM  ENGINES. 

if  the  expansion  were  carried  down  to  the  back-pressure  line. 
This  reduction  of  size  of  cylinders  saves  friction  and  condensa- 
tion losses,  at  the  expense  merely  of  the  minute  triangular 
areas  cut  off  from  the  ends  of  the  diagrams  of  the  separate 
cylinders. 

The  total  area  cut  off  from  the  composite  diagram  will  be 
very  much  smaller,  if  divided  among  three  small  triangles  cut 
off  from  the  tips  of  the  diagrams  of  the  three  cylinders  of  a 
triple  engine,  than  if  concentrated  in  a  single  triangle  of  three 
times  the  height,  cut  off  from  the  end  of  the  low-pressure  dia- 
gram.    This  is  simply  a  matter  of  plane  geometry. 

It  is  therefore  not  true  that  the  total  drop  can  be  better  (or 
even  equally  well )  concentrated  in  the  low-pressure  diagram. 

As  to  the  effect  on  the  steam  delivered  to  the  receiver,  the 
drop,  or  free  expansion  from  cylinder  to  receiver,  so  far  from 
injuring,  tends  slightly  to  improve  the  quality,  or  dryness,  of 
the  steam. 

These  considerations  apply  to  the  efficiency  of  the  engine 
under  its  ideal  conditions  of  load  and  pressure,  and  are  inde- 
pendent of  the  questions  of  variation  of  load  and  cut-off,  brought 
up  by  Dr.  Thurston,  and  which  make  desirable  in  practice  a  con- 
siderably greater  "  drop  "  between  cylinders  than  is  required 
for  maximum  efficiency  under  ideal  conditions. 

The  results  of  the  tests  rejDorted  to  the  Society  now  appear 
to  justify  the  opinion  expressed  by  the  writer  in  the  Transac- 
tions of  1888  (vol.  p.  ),  and  he  desires  again  to  put  on  rec- 
ord the  projDositiou  that  any  multi- cylinder  engine  whose  indi- 
cator diagrams  do  not  show  a  "  drop  "  at  the  end  of  the  expansion 
in  each  cylinder,  under  the  ordinary  working  conditions,  is  not 
designed  to  secure  maximum  economy,  either  theoretically  or 
practically. 

Similar  theoretical  considerations,  equally  well  borne  out  by 
facts,  prove  also  that  the  greatest  efficiency  is  attained  when  the 
compression  is  not  carried  quite  up  to  the  initial  pressure.  The 
latter  point  has  been  so  ably  presented  by  Mr.  Ball  in  a  recent 
paper  that  I  will  not  take  time  now  to  discuss  it  further. 

Mr.  Rockwood. — I  wish  to  speak  in  addition  upon  the  point 
Dr.  Thurston  raised  in  commenting  on  the  Grosvenor  Dale 
engine  test  made  by  Mr.  Barrus.  His  point  was  that  the  best 
economy  attained  with  this  engine  was  found  when  the  cut-off 
in  the  low-pressure  cylinder  was  early  instead  of  late  in  the 
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stroke.  This,  so  far  as  it  goes,  tends  to  disprove  the  results 
obtained  on  the  Sibley  engine,  and  also  to  disprove  the  notion 
I  have  entertained  that  "  drop  "  was  a  good  thing,  as  this  engine 
did  the  best  with  the  least  amount  of  drop.  But  there  happen 
to  be  in  Grosvenor  Dale  two  engines  of  this  type  now,  one  an 
18-inch  and  44-inch  by  72-inch,  and  the  other  an  18-inch 
and  48-incli  by  48-inch.  You  notice  the  difference  is  in  the 
diameter  of  the  low-pressure  cylinders  and  in  the  stroke.  The 
steam  pressiire  is  about  the  same  in  both  cases,  and  the  highest 
economy  was  with  the  engine  having  the  greatest  disparity  of 
cylinder  volumes. 

The  point  to  which  I  wish  to  call  your  attention  is,  that  Mr. 
Barrus  found  the  best  economy  with  one  engine  when  the  cut- 
off in  second  cylinder  was  shortest,  and  he  found  precisely  the 
opposite  state  of  affairs  with  the  other  engine.  In  both  cases 
the  advantage  of  one  cut-off  over  another  was  slight.  Now, 
which  engine  is  to  be  taken  as  representing  the  action  of  such 
an  engine  when  working  without  leakage  ?  I  think  that  differ- 
ent rates  of  leakage  in  different  parts  of  engines  working  with 
different  points  of  cut-off,  will  explain  inharmonious  results,  and 
such  is  the  explanation  of  the  opposite  results  obtained  by  Mr. 
Barrus  in  these  tests.  That  is  to  say,  the  leakage  was  not  the 
Slime ;  neither  did  it  take  place  at  the  same  points  in  botli  en- 
gines. So  that  I  do  not  think  Mr.  Barrus's  experiments,  where 
solely  directed  to  an  investigation  of  tlie  effect  of  "  drop,"  prove 
its  effects  on  cylinder  condensation,  but  tliey  show  what  its 
total  effect  is  on  initial  condensation  plus  a  variable  leakage. 
They  are  valuable  because  they  show  that  considerable  drop 
may  occur  without  injuring  the  economy  of  the  engine  as  a 
whole. 

Prof.  Divelshauver.s-Dery. — Professor  Thurston,  in  giving  the 
result  of  his  experiments  on  the  proportioning  of  the  cylinders 
of  midtiple  engines,  has  rendered  great  service  to  the  construc- 
tor and  to  science,  acaording  to  his  usual  habit  in  these  matters. 
It  is  desirable  that  other  countries  should  be  al^le  to  derive 
benefit  from  them  as  well  as  those  only  which  make  use  of  the 
English  language,  and  the  units  of  measurement  prevailing  in 
these  countries.  I  take  it  upon  myself  to  contribute  with  re- 
spect to  matters  appertaining  to  the  French-speaking  countries, 
but  I  combine  with  it  a  request  to  the  author,  or  those  who 
make  reports  on  the  tests  of  steam  engines. 
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To  express  the  steam  consumption  of  an  engine  they  are  ac- 
customed to  give  the  number  of  pounds  of  steam  per  horse- 
power per  hour,  as  deduced  from  the  experiment  itself.  Now, 
a  pound  of  steam  has  not  always  the  same  thermodynamic 
value  ;  this  depends  both  on  the  pressure  and  also  on  the  de- 
gree of  superheat,  as  is  remarked  by  Professor  Thurston  him- 
self on  the  eighteenth  page  of  his  paper  in  connection  with  the 
suj^erheated  steam-engine  of  Schmidt.  In  fact  it  is  the  thermo- 
units  of  heat  and  not  of  water  which  the  machine  consumes, 
and  it  ought  to  be  understood  that  it  is  the  number  of  thermo- 
uuits  Avhich  is  designated  under  the  name  of  "pound  of  steam." 
Without  this  it  will  not  be  possible  to  make  exactly  the  com- 
parison of  the  results  obtained  by  different  experimenters  on 
engines  working  at  different  pressures  and  different  degrees  of 
superheat.  The  Schmidt  engine,  with  steam  highly  super- 
heated, would  seem,  according  to  the  real  consumption  of  steam, 
to  be  more  than  20  per  cent,  more  economical  than  tlje  Milwau- 
kee engine.  I  have  made  it  apparent  by  the  number  of  thermo- 
units  consumed  by  each  machine  per  metric  horse-power  per 
hour,  that  these  two  engines  were  very  nearly  equivalent,  that 
of  Milwaukee  being  only  about  one-tenth  of  one  per  cent,  in 
advance.  With  us  in  Belgium  the  custom  seems  to  be  likely  to 
establish  itself,  that  the  consumption  in  calories  j^er  horse- 
power per  hour,  should  be  obtained,  and  this  should  be  divided 
by  655,062,  which  represents  the  total  heat  of  a  kilogramme 
of  superheated  steam  at  six  atmospheres  tension.  The  quo- 
tient represents  the  consumption  expressed  in  kilogrammes  of 
steam,  whose  definition  and  quality  are  exactly  given,  and  which 
differ  evidently  more  or  less  from  the  consumption  experi- 
mentally measured.  This  latter  has  served  only  to  establish 
the  consumption  in  calories,  above  stated. 

The  same  result  would  be  obtained  if  it  were  agreed  to  de- 
termine the  consumption  in  British  thermal  units  per  horse- 
power per  hour  in  English  units,  and  to  call  by  the  term  "  pound 
of  steam  "  the  number  1,179.1  British  thermal  units,  which  rep- 
resents the  total  heat  of  a  pound  of  superheated  steam  at  six 
atmospheres,  or  83. 2  pounds  per  sc[uare  inch.  This  experi- 
mental number  of  British  thermal  units  per  horse-j^ower  per 
hour,  divided  by  the  number  1,179.1,  will  express  the  consump- 
tion in  a  style  which  shall  be  uniform  for  all  engines. 

I  have  used  the  term  above,  "  English  horse-power  per  hour," 
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"because  it  differs  from  the  metric  horse-power  per  hour  whose 
value  is  75  kilogrammeters  per  second.  The  English  horse- 
power of  33,000  foot  pounds  per  minute  is  equivalent  to  76.039 
kilogrammeters  per  second.  Since  the  English  pound  is  equiva- 
lent to  0.453593  kilogrammes,  a  consumption  of  a  pound  per 
English  horse-power  is  equivalent  to  a  consumption  of  0.447i 
kilogrammes  per  metric  horse-power. 

P/'ofessoi'  Thurdon. — The  remarks  of  the  first  speaker  inter- 
ested us  all,  and  probably  have  proved  somewhat  instructive  to 
the  members  of  the  Society,  as  they  certainly  have  to  me.  His 
comments  upon  the  paper  in  general  are  of  a  class  with  comments 
to  which  I  have  become  w^ell  accustomed  in  the  last  twenty 
years.  I  think  he  will  modify  them,  as  time  goes  on,  as  many 
others  have  found  reason  to  do.  But,  in  general,  I  say  that  I 
agree  very  thoroughly  with  much  that  the  gentleman  adds  in  his 
discussion  of  the  paper.  There  are  two  or  three  points,  pos- 
sibly, on  which  I  shall  have  to  make  some  qualification  of  my 
own  statements — certainly  some  qualification  of  the  interpreta- 
tion which  has  been  put  upon  them. 

As  I  have  said,  the  question  is  not  so  much  whether  the  two- 
cjdinder  compound  is  better  than  the  three,  as  whether  novel 
proportions  are  to  be  adopted  where  we  conclude  to  use  a  two- 
cylinder  compound.  That,  I  take  it,  is  the  question.  Expe- 
rience shows  that  there  are  cases  where,  other  things  equal,  we 
certainly  would  adopt  a  compound  rather  than  a  triple-expan- 
sion engine,  although  the  triple-expansion  Avould  be  the  more 
efficient  engine  ;  that  is,  it  would  do  its  work  with  a  smaller 
consumption  of  heat,  steam,  and  fuel.  Among  compound  en- 
gines which  are  approaching  closely  to  the  efficiency  of  the 
triple-expansion  engine  at  the  higher  j^ressures,  we  find  some 
■which  are  doing  work  so  nearly  the  equivalent  of  the  work  of 
the  triple-expansion  engine  that  it  becomes  a  question  what  are 
the  best  proportions  for  such  engines  in  cases  in  which  it  would 
be  perfectly  satisfactory  to  use  them  in  place  of  the  more  ex- 
pensive forms  of  the  triple.  I  think  that  is  where  the  main 
interest  attaches  to  the  work  of  Mr.  Bockwood. 

Mr.  Eockwood  sj)eaks  of  the  point  noted  on  page  166 — in  re- 
gard to  the  way  m  which  the  work  reported  is  diagramed.  I 
am  inclined  to  think — as  I  judge  from  his  remarks  he  is  also — 
that  the  curve  for  the  triple-expansion  engine  should  probably 
lie  somewhat  higher,  which  would  give  added  advantage  to  the 
14 
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curve  assigned  to  his  type  of  engine.  I  think  this  criticism  is 
correct.  I  am  not  inclined  to  hiy  too  much  stress  on  the  com- 
parison. I  tliink,  as  Mr.  Rockwood  himself  has  said,  that  there 
is  a  great  deal  still  to  be  learned.  We  certainly  have  learned 
this  much :  that  most  remarkable  work  has  been  done  by  the 
engine  which  has  these  peculiar  proportions. 

Mr.  Ball  is  inclined  to  criticise  the  deductions  on  page  170. — 
I  remember  not  very  long  ago  some  gentleman  made  a  comment 
upon  some  point  in  a  paper  which  indicated  that  he  had  not, 
carefully  certainly,  read  that  particidar  portion  of  the  paper. 
If  Mr.  Ball  will  re-read  page  170,  giving  special  emphasis  to  the 
word  thermodynamic,  in  the  first  line,  I  imagine  he  will  be  led 
to  somewhat  modify  his  comment. 

At  page  171  a  discussion  has  arisen  in  regard  to  the  nature  of 
drop  as  an  element  in  steam-engine  design  and  -steam-engine 
economy.  I  think  that  what  has  been  said  about  drop  has  been 
largely  correct.  I  do  not  think  that  it  necessarily  conflicts  with 
the  ideas  that  I  have  presented.  There  are  cases,  unquestion- 
ably, many  cases  very  likely,  where  drop  should  be  shown  on 
indicator  diagrams  exhibiting  the  best  performance  of  an  engine. 
The  point  that  I  had  intended  to  state  was  that,  nevertheless, 
drop  is  not,  in  itself,  a  desirable  thing.  That  is  to  say :  as  in 
the  case  of  the  steam-jacket,  there  are  many  cases  where  its  use 
is  desirable,  where  it  will  give  large  economy ;  nevertheless  it 
is,  intrinsically,  a  defective  device  for  improving  the  efficiency 
of  a  steam  engine,  and  so  the  necessity,  so  often  apparent,  of 
introducing  drop,  in  the  case  of  a  compound  engine,  is  merely 
a  necessity  for  introducing  an  obvious  defect — to  reduce  other 
defects,  if  possible,  in  larger  ratio. 

"We  desire,  in  planning  the  diagram  of  a  steam  engine  which 
represents  its  thermodynamic  oj)eration,  to  secure  from  the 
given  amount  of  heat  and  steam  supplied  the  largest  possible 
amount  of  work.  That  largest  possible  amount  of  work  is  ef- 
fected by  the  production,  by  such  an  engine,  of  an  engine  dia- 
gram that  shall  have  no  breaks  and  no  losses  of  area ;  and  in  so 
far  as  those  breaks  in  the  line  of  the  combined  diagram,  and 
those  losses  of  area,  indicate  losses  of  power,  they  are  the  re- 
sults of  defects,  and  if  these  particular  defects  should  be  found 
to  be  necessary,  it  must  be  simply  because  they  are  a  conse- 
quence of  the  existence  of  other  defects  in  which  they  are  more 
or  less  of  an  antidote. 
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The  remarks  of  Professor  Gale  on  this  point  are  siroply  a 
statement  of  a  well-known  fact  of  a  somewhat  different  sort. 
That  is  to  say  :  we  know  perfectly  well  that  in  every  engine,  if 
we  carry  the  expansion  too  far,  we  produce  indicated  power  at 
the  expense  of  a  greater  loss  of  power  in  the  friction  of  tlie 
engine.  We  know  also  that,  if  we  carry  our  expansion  to  the 
extreme,  increase  of  expansion  produces  an  increased  waste, 
due  to  initial  "  cylinder-condensation."  The  droj),  which  means 
termiuation  of  expansion  at  comparatively  high  pressure  at  tlie 
end  of  the  stroke,  is  a  defect  introduced  to  correct  other  and 
presumably  greater  defects.  We  should  seek  to  remove  every 
defect ;  but  it  does  not  follow  that  we  ought  to  remove  any  one 
defect  entirely  where  its  complete  removal  would  introduce  a 
still  greater  defect.  For  example :  there  is  always  a  point 
beyond  which  the  friction  of  the  engine,  or  beyond  which  the 
condensation  of  the  steam  cylinder,  has  an  effect  so  great  as  to 
more  than  compensate  for  the  amount  of  increased  j)ower  that 
would  be  obtained  by  decreasing  the  amount  of  drop. 

Mr.  Ball  comments  upon  another  paragraph,  reading  this 
line  with  special  emj^hasis :  "From  either  point  of  view,  also, 
compression  to  boiler  pressure,  with  minimum  '  dead  spaces  '  and 
minimum  clearance,  is  requisite."  I  do  not  think  Mr.  Ball  him- 
self will  object  to  that  statement  if  he  thinks  it  out  carefully, 
and  gives  it  the  weight  that  those  words  intend.  If  we  can  re- 
duce our  dead  spaces  to  absolute  minima,  and  can  reduce  our 
clearance  to  an  absolute  minimum,  then  the  necessities  of  wastes 
in  other  directions  become  less.  It  is  desirable  both  to  decrease 
the  clearance  and  therefore  to  decrease  the  necessity  either  for 
compression  of  large  volumes  of  steam,  or  for  considerable  drop 
in  order  that  we  may,  by  combined  economies  on  both  sides, 
secure  a  maximum  total  efficiency. 

Professor  Gale  states  that  each  cylinder  of  the  engine  should 
be  treated  as  if  it  were  a  separate  engine.  I  do  not  think  that 
is  so  at  all.  The  engine,  as  a  whole,  turns  a  crank-shaft,  as  a 
whole  ;  and  when  the  engine,  as  a  whole,  ceases  to  develop  so 
much  power  that  the  work  at  the  moment  is  less  than  that  re- 
quired to  overcome  the  friction  of  the  crank-shaft  and  the  appur- 
tenant frictions  of  the  engine,  it  is  time  to  cease  expansion. 
From  this  point  of  view  it  is  not  a  matter  of  very  much  conse- 
quence whether  that  drop  is  at  the  end  of  expansion  of  the  low- 
pressure  cylinder  or  distributed  through  the  several  cylinders. 
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For  other  reasons,  it  may  be  well  to  adopt  some  drop  in  each 
of  the  cylinders  and  to  distribute  this  final  drop — the  quantity 
of  which  is  made  up  of  the  resistance  of  the  engine  due  to  fric- 
tion, the  resistance  of  the  engine  due  to  back  pressure,  and  the 
loss  by  cylinder  condensation  of  effect  of  heat  that  should  be 
converted  into  work. 

I  doubt  if  any  one  can  say  precisely  what  should  be  the  com- 
pression on  any  one  engine  until  he  has  used  that  engine  with 
varying  degrees  of  compression,  and  has  experimentally  ascer- 
tained where,  under  its  normal  load  and  usual  working  condi- 
tions, compression  gives  best  results.  I  have  just  received  from 
Professor  Dwelshauvers-Dery,  one  of  our  honorary  members, 
who  has  been  experimenting  with  one  of  his  own  experimental 
engines  in  Belgium  on  this  subject,  and  he  reports  in  the  last 
number  of  the  Revue  de  Mechanique  that  he  finds  that,  with  his 
engine,  compression  is  always  objectionable,  and  that  the  more 
he  compresses  the  worse  the  result. 

It  certainly  remains  the  fact,  after  all,  that  in  order  to  im- 
prove the  performance  of  engines  it  is  wise  to  reduce  clearance 
as  far  as  we  can,  to  reduce  all  conditions  that  cause  waste,  and 
so  approximate  in  every  direction  to  ideal  conditions  ;  in  other 
words,  as  its  friends  say  of  football,  ''  Retain  the  uses  and  re- 
form the  abuses."  I  have  no  doubt  that,  after  this  subject  is 
somewhat  more  completely  investigated — and  it  is  being  very 
extensively  investigated  at  23resent — we  shall  know  definitely 
what  to  conclude.  For  myself,  I  am  not  inclined  to  dogmatize 
in  this  or  any  other  direction. 

Prof.  R.  11.  Thursto)i.* — Reviewing  the  paper  and  its  discussioli, 
I  find  little  to  require  restatement  or  reconstruction.  A  second 
edition  of  the  paper  would,  as  always  is  the  fact,  be  capable  of 
improvement  in  method  of  statement  and  by  excision  and  addi- 
tion ;  but  the  main  facts  are  patent,  and  the  conclusions  must 
be  made  by  each  for  himself;  we  are  all,  unquestionably,  as 
ready  to  permit  our  colleagues  to  deduce  their  own  conclusions 
as  to  insist  upon  the  same  right  for  ourselves.  My  own  conclu- 
sions as  to  the  essential  elements  of  the  matter  in  hand  may  be 
stated  in  most  compact  form  substantially  as  on  page  170  of  the 
paper.     They  may  even  be  summarized  as  follows  : 

(1)  The  engineer  should  seek,  in  his  design  and  constructions 

*  Author's  closure,  under  the  Rules. 
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of  steam  engines,  to  produce,  as  closely  as  practicable,  the  ideal 
heat-engine  cycle. 

(2 1  He  should  reduce  thermodynamic  wastes  of  heat,  steam, 
and  fuel  by  the  adoption  of  a  maximum  range  of,  as  nearly  as 
practicable,  adiabatic  expansion,  starting  from  a  maximum  pres- 
sure and  terminating,  as  nearly  as  practicable,  at  a  minimum 
back  pressure,  with  full  compression. 

(3)  Where,  as  in  the  case  of  cylinder  condensation,  an  un- 
avoidable cause  of  waste  is  met,  he  should,  in  its  correction  by 
introduction  of  a  new  defect,  as  its  antidote,  endeavor  in  part 
to  secure  the  best  compromise  ;  making  the  sum  of  the  original 
and  newer  forms  of  waste  a  minimum. 

(4)  Applying  these  principles  to  the  case  in  hand,  the  in- 
dicator diagram  should  be  made  to  approximate  the  ideal  as 
closely  as  practicable,  and  the  limitations  due  friction  and 
"  cylinder  condensation  "  should  be  removed  as  far  as  practicable 
by  superheating  steam,  by  jacketing,  and  by  compounding,  in  such 
manner  that  the  sum  of  the  wastes,  original  and  artificial,  may  be 
a  minimum.  Each  should  aid  in  removing  the  thermodynamic 
and  ideal  defect — just  so  far  as  it  is  found  to  pay  to  do  so. 

Thus  we  find  that  extreme  expansion  and  extreme  compres- 
sion, alike,  have  practical  limitations  ;  "  drop  "  becomes  a  neces- 
sary defect  in  summing  up  all  defects  for  a  minimum  ;  jackets  pay 
in  some  cases,  while  in  others  they  are  commercially,  even 
sometimes  physically,  a  defect.  Multiple-cylinder  engines  are 
demanded  and  pay  well  in  some  instances,  simple  engines  in 
others,  and  in  many  instances  the  compound  may  prove,  on  the 
whole,  better  than  the  triple-expansion  engine.  Large  clear- 
ances may  be  actually  needed. 

In  the  paper  here  under  discussion  it  is  shown  that,  in  prac- 
tice, the  "  7-to-l  compound "  exhibits  higher  efiiciency  as  its 
ratio  of  expansion  becomes  that  suitable  to  its  cylinder  propor- 
tions. It  is  seen  that,  in  the  cases  compared,  at  least,  the  com- 
pound suited  to  large  expansion  ratios  approximates  closely  the 
best  work  of  the  triple-expansion  engine,  suited  to  similar  ratios, 
which  is  compared  with  it.  My  own  final  deduction  is,  that  the 
difference  between  the  compound  and  the  triple,  for  high  ratios 
of  expansion,  and  presumably,  though  not  here  determined,  for 
high  pressures,  may  be  so  very  small  that,  in  such  a  doubtful 
case,  it  will  best  pay  often,  if  not  generally,  to  employ  the 
simpler  engine. 
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As  to  tlio  distrnguisbiiig  feature  of  the  new  form  of  compound 
— its  large  intermediate  drop  :  I  think  it  evident,  as  already 
stated  in  the  text,  that  "  droj^  between  cylinders  is  not  desir- 
able." It  maybe  needed  as  a  corrective  of  excessive  clearance  ; 
it  is  certainly  needed  somewhere — preferably,  I  should  say,  at 
the  termination  of  the  expansion  in  the  low-pressure  cylinder — 
as  a  corrective  of  wastes  by  friction,  etc.,  but  it  is,  nevertheless, 
a  defect  compelled  by  the  presence  of  another  defect.  The  true 
deduction  is  that  hoth  defects  should  be,  just  as  far  as  practicable, 
avoided.  The  ideal  case  should  be  approximated,  in  practice,  in 
every  j^racticable  way. 

The  conclusions  on  page  170  of  the  paper,  as  to  the  "  Requi- 
sites of  Maximum  Efficiency,"  require  no  modification  in  view  of 
the  comments  made  upon  them  in  this  discussion. 

Referring  to  the  remarks  of  Professor  Dwelshauvers-Dery : 
The  suggestion  that  the  scientific  measurement  of  efficiency  is 
best  given  in  thermal  units  rather  than  in  j^ounds  of  steam, 
which  is  made  by  him,  is  unquestionably  correct.  The  practice 
is  coming  to  be  usual  on  this  side  the  Atlantic,  and  will,  in 
time,  I  have  no  doubt,  find  practically  universal  adoption.  I 
have  myself  customarily  employed  it  with  the  older  measure, 
and  its  use  is  illustrated  in  recent  papers.  In  most  cases  hoth 
measures  should  be  given ;  not  only  because  the  practitioner  is 
accustomed  to  judge  engines  by  the  older  gauge — which  is,  in 
fact,  ordinarily  a  very  accurate  one — but  also  because  both  are 
needed  to  give  an  exact  indication  of  the  conditions  of  opera- 
tion and  of  the  performance  of  the  machine. 

For  efficiency  unity  the  extreme  range  of  variation  of  meas- 
ure, between  even-condensing  and  non-condensing  engines,  is 
usually  only  between  the  totals  2.3  to  2.5  pounds  of  steam  per 
horse-power  per  hour  ;  while,  in  the  same  class,  the  variation  of 
this  unit  is  commonly  insignificant,  the  temperatures  of  feed- 
water  being  those  of  good  jDractice.  It  must  not  be  forgotten, 
also,  that  the  measure,  in  thermal  units,  pei  horse-power  per 
hour,  is  subject,  at  the  boiler,  to  variation  with  the  variation  of 
the  ejBfectiveness  of  the  feed-heating  apparatus,  and  the  reported 
figure  may  thus  be,  to  a  certain  extent,  misleading.  To  secure 
comparable  measures,  the  range  of  temperature  for  which  this 
quantity  of  heat  is  reported  should  be  reduced  to  that  between 
the  temperatures  of  boiler  steam  and  condenser  o  atmospheric 
steam,  for  condensing  and  for  non-condensing  engines,  respec- 
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tively.  Otherwise  the  efficiency  of  the  steam-making  apparatus 
is  involved,  and  the  efficiency  of  the  engine  is  then  stated  in 
variable  terms.  The  true  and  only  accurate  measure  of  the 
real  efficiency  of  the  engine  is  the  quantity  of  heat,  measured  in 
thermal  units  or  the  equivalent,  per  horse-power  and  per  hour, 
as  determined  by  the  measured  amount  of  heat  which  must  be 
imported  into  the  water  in  the  condenser  at  the  indicated  back 
pressure,  to  convert  it  into  steam  of  the  temperatui-e,  pressure, 
and  quality  of  that  entering  the  steam  chest.  The  proprietor 
of  the  machine  is  finally  mainly  concerned  to  know  the  propor- 
tion of  the  potential  heat-energy  of  the  fuel,  for  Avhich  he  spends 
his  dollars,  which  is  made  to  appear  as  mechanical  energy  at 
the  engine-belt,  or  at  the  jack-shaft :  that  is  to  say,  the  weight 
of  combustible  demanded  per  dynamometric  horse-power  per 
hour,  or,  in  still  more  intelligible  terms,  to  him,  the  dollars  and 
cents  per  horse-power  per  annum  which  his  utilized  power  costs 
him  as  a  totah 

In  the  paper  here  presented,  the  efficiencies  are  measured,  in 
the  text,  in  weight  of  steam  used,  partly  because  the  figures  are 
sometimes  quoted,  partly  because  the  experimental  comparison 
is  equally  accurate  when  made  on  this  more  generally  under- 
stood basis.  They  can  be  reduced  quite  accurately  by  taking  the 
weight  2.3  pounds  of  steam  as  corresponding  to  efficiency  unity, 
corresponding  to  2,545  British  thermal  units  per  horse-power 
per  hour,  and,  in  the  work  here  reported,  substantial  accuracy 
and  a  correct  comparison  may  be  made  on  this  basis  by  multi- 
plying the  figure  for  the  pounds  of  steam,  per  horse-jjower  per 
hour,  by  20  to  obtain  British  thermal  unit  per  minute,  or  by 
1,200,  the  hour  being  taken  as  unit  of  time.  The  figures  sug- 
gested as  desirable  are,  in  this  paper,  given  in  Appendix  A,  and, 
if  desired,  can  be  reduced,  as  just  indicated,  for  Appendix  B. 
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DCCLXL* 

THE  LAW  OF  HYDRAULIC  OBSTRUCTION  IN  CLOSED 

STREAMS. 

BT  DAVID  GUELBAUM,   BTRACXJ8E,  N.   T. 

(Junior  Member  of  the  Society.) 

The  class  of  phenomena  here  considered  are  such  as  are  pre- 
sented in  Fig.  50.  A  stream  is  enclosed  in  a  conduit  casing  with 
an  upset,  or  change  of  section,  and  passes  around  an  obstruction 
placed  at  some  distance  from  the  upset.  Notwithstanding  the 
frequency  with  which  these  phenomena  are  met  with  in  prac- 
tice, they  have  been  and  are  still  a  problem  standing,  as  yet,  un- 
solved ;  and  even  in  the  simple  case  of  a  stream  within  a  clear 
pipe  passing  around  a  flat  baffle,  the  contraction  of  the  stream 
and  its  effective  pressure  upon  the  baffle  are  as  yet  unknown 
both  experimentally  and  theoretically.  The  establishment, 
therefore,  of  a  law  governing  these  phenomena,  or  of  a  general 
property  common  to  all  of  them  and  affording  a  basis  for  a 
general  solution  of  these  problems,  would  be  a  decided  gain. 
After  certain  investigations,  I  discovered  such  a  common  and 
very  remarkable  property,  which  I  would  call  the  "  law  of 
hydraulic  obstruction  in  closed  streams."  I  see  no  other 
way  of  demonstrating  that  law  but  by  rendering  here  the  method 
of  investigation  which  led  me  to  its  discovery. 


Let  Fig.  51  represent  a  pipe  with  an  upset  of  diameters,, 
respectively  d  and  c?i,  and  a  flat  baffle  inside  with  a  stem  of 
diameters,  respectively,  d^,  c?.,  and  rf^,  as  marked  on  the  sketch. 
Through  this  pipe,  water  is  being  forced  with  initial  velocity  v 
under  initial  pressure  ^9.  Let  the  resultant  of  the  total  reactive 
pressure  of  the  baffle  plate,  on  either  side  of  it,  upon  the  water 
be  denoted  by  P^  and  P, ;  and  the  resultant  reactive  pressure  of 
the  upset  by  p^  and  p„  per  unit  of  the  respective  concentric 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions^ 
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GUELBAUM 


Fig    50. 


areas  indicated  on  the  sketch.  Then,  for  the  mass  of  water 
enclosed  between  the  sections  A  A  and  BJJ,  at  and  outside  of 
which  the  stream  runs  in  a  straight  current  parallel  to  the  axis 
of  the  pipe,  the  condition  of  equilibrium  at  settled  uniform 
motion  will  be  : 

F  I  (^'   -   '^')   +   P'n  I  ((^'  -  CP)  +      pn  I  {d,'  -  di)   -  p,  I  {d,'  -  di) 

-  p|(cZ^-  d\)  (H,  +fll)  -  Pj{d,'  -cU){k  +fh)  -  pl(df-do') 

(e  +  fe)  -  p  I  {dl  -  dl)  {e,  +/e,  +  H,+  fll,)  +  p  |  id'  -  dl)  ^  (v  -  v,) 
=  P,  -  P. 


218     LAW    OF    HYDKAULIC    OBSTRUCTION    IX    CLOSED   STREAMS. 


Here  the  first  term  expresses  the  pressure  iu  section  A  A  .- 
the  second  and  third  teiins,  the  pressure  of  the  upset ;  fourth 
term,  the  pressure  in  section  BB ;  fifth,  sixth,  seventh,  and 
eighth  terms  express  the  retarding  action  of  gravity  and  friction 
of  the  masses  of  water  enclosed  between  the  sections  ytA  and 
00,  00  and  bottom  of  baffle,  between  bottom  and  top  of  baffle, 
and  between  top  of  baffle  and  BB ;  whereby  the  friction  in 
each  of  these  masses  is  expressed  in  an  equivalent  weif^ht  of 


Fig.  51. 

water  having  the  same  cross  section  as  the  corresponding  mass 
■of  water  and  a  certain  height  denoted  respectively  hj  fH^,fh, 
/e,/ei,  and/.S,*     The  ninth  term  expresses  the  variation  in  the 

*  Such  presentation  of  friction  presupposes  the  diffusion  of  friction  all  through 
the  mass  of  water  uniformly,  acting  on  each  particle  alike.  Such  supposition  of 
course  cannot  be  quite  true  ;  but  as  only  a  short  piece  of  pipe  is  being  considered 
here,  tlie  friction  will  amount  to  very  little,  anyway,  compared  with  other  forces, 
and  is  being  introduced  only  to  ascertain  its  possible  intiuence,  and  will  disappear 
later  on  bv  itself. 
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quantity  of  motion  between  tlie  sections  A  A  and  JJB  per  second. 
The  last  term  represents  the  resultant  reactive  pressure  of  the 
batHe  upon  the  water  ;  i.e.,  the  total  load  necessary  to  apply  to 
the  stems  d^  and  d,^,  to  keep  the  baffle  in  place  against  the  current. 
This  equation  will  be  more  convenient  as  presented  below  : 


P  -  Pi   _^  Pm  —  Pi  dj  —  d-       p„  ~  pi  dj^  -  dj       pi_ 
/>  p        d-  —  r?2'  /)        dr  —  d-^         p 


p~(fr--d.f) 


Let  Ci  denote  the  resultant  vertical  j)rojection  of  the  velocity 
of  the  stream  when  it  passes  the  cylindrical  surface  Ttdji,  on 
line  EF,  as  marked  on  sketch  ;  and  Vq  the  vertical  velocity  of 
the  stream  at  its  most  contracted  section  DD  after  it  passed  the 
baffle.  Then  the  equation  of  equilibrium  for  the  mass  enclosed 
between  the  horizontal  sections  CO  and  BD,  outside  of  the 
cylindrical  surface  EF,  will  be  as  follows  : 

Pn  -^{di'  -  d,;)  -  P  J  ('A'  -  d^,')  {h  +/h  +  e  +/e  +  ej,  +/ei) 

+  P  5  (f^'  -  '^^)  I  (^1  -  ^o)  -  Po)  1  {di'  -  do')  =  0. 


Here  the  first  term  expresses  the  reactive  pressure  of  the 
upset  upon  the  mass  of  water  ;  the  second,  the  retarding  action 
of  gravity  and  friction  ;  the  third,  the  variation  in  the  quantity 
of  motion  per  second  between  the  sections  EF  and  DD,  and  the 
last  term,  the  back  pressure  in  section  DD.  This  equation, 
too,  will  be  more  convenient  as  presented  below : 


2\  -  Pi  d^  -  d^}  _  po  —  ih  d'l   ~  dp-     V 


d'  —  r//  p        d^  —  di      g 


+  ~{ci  -^v^y 


(2) 
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Beside  the  above  two  we  have  still  the  regular  Danillo  Ber- 
nouilli  equations,  one  for  sections  A  A  aud  JJB : 

■^(Hy  -T  h  +  e  +ei  +  H-i)  (1  +/)  =  0    .     .     .     .   (3) 

Here  I'l  denotes  the  loss  of  height  between  sections  AA  and 
BB,  due  to  the  j)i'esence  of  hoffle  only  ;  to  this,  therefore,  is  to  be 
added  the  loss  by  impact  from  the  upset  at  absence  of  baffle, 
which  is  equal  to  : 

1  fcP  -  (U         d{  -  d.?     \~      1  fd:'  -  fZ,-        dr  -  di  d-  -  di 


'^0 


d' 


dx'      d^'-di 


2(/\      d'  df 

-,,    "  )    (  1  —  -^, )   —  ;  and  also  the  loss  bv  friction  is  added. 
dr      J     \        d-cJ    2g 

Another  Bernouilli  equation  for  sections  DD  aud  BB  will  be  : 

^^  +g^'  =  i^  +  f  +  '^^^  ~  ^'^'+  g.  +fH  .     .     .     (4) 


^g 


-'J/ 


'^g 


This  completes  the  fundamental  elementary  equations  forming 
the  basis  for  further  constructions. 

Subtracting  equation  (2)  from  equation  (1),  and  excluding 
(p  —  pi)  and  (po  —  p^)  by  means  of  equations  (3 1  and  (4 1,  we 
obtain  one  following  equation  : 

^'  ~  ^'     =71  +  '^~5]  \P^-J''  -{h  +  e  +  e,  +  R^jil  +/) 

'2"  I—        '^ 


p-^id'-di) 


d'  —  d^~ 


P 


+ 


%^:  r^  Me  .  ,  +  n,)il  +/)]  +  '§^Ae  .fe) 


d^—  di  L.  P 

v' 


^g     2^ 


+ 


fd'-diy  A  _d^y^ 
\    d'    1  \      d;'/  2(/ 


+ 


di  —  d^ 
(f  -  d.' 


_  Vo_'      ^V      (^0  -  Vii^ 
L     2(/  +  2g  +       2g 


g 

+  -[V  -  Ci)  +  -{vo-v.) 

9  g 


Simplifying  the  third  term  from  the  end  and  the  last  one,  as 
follows  : 


d{  -  dj  r_  ^'    ^ 
d'  -  di  L     ^g     2g 

di  —  di  V| 


\{^^ 


v\)- 


+  -  (vo  -  V,) 

'2g     A      g 

v^  ,  d{  -did-  -  div 


V  ,  s        ^  /  \  (^        d{  —  di 


d{  -  f/3- 


d^  —  di  di  —  di  g 
di  —  di  V 


(vo-  Vi) 


+ 


di  -  di  g 


\-{v^-Vy); 
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and  dividing  all  terms  by     ,  the  above  equation  can  be  written 


as  below  : 

P,  -  P,        _  dj  -  dj 

rr     „        ,.,   V-       d-  —  do- 
P  r  {d-  -  d,-)  - 

4  '  '  g 


■j^       (e  +  e,  +  R;) 

P~-  ~ 

.    9  9 


J 


(5). 


d^i  -  dj  fe  +/A       /  r      vj\  \  _  (d'  -  d^y  /   _f\'l 
d'-di(      V-  '\2^      2gJv-      \     d'     J\       dfj  2 


1  V    ,   "^i^Z^ 
9 


>m  -  J>i  _  h  +  e  +  ei  +  Ho  .^  ^   .' 


9  9 


di~  —  df      V 


In  above  equation  (5)  the  first  term  has  for  its  denominator 
the  initial  quantity  of  motion  of  the  entering  stream  per  second  ; 
the  second  and  third  terms  represent  the  statical  pressure  upon 
the  baffle  which  would  exist  if  the  water  could  be  stationary, 
with  the  addition  only  of  friction  due  to  motion ;  the  fourth  and 
fifth  terms  express  the  pressure  upon  the  baffle  due  to  the 
change  of  the  initial  velocity  from  v  into  the  fiual  velocity  v^ ; 
that  is,  this  pressure  is  caused  by  the  upset  only  of  the  pipe 
from  diameter  d  to  diameter  f/,,  and  this  change  of  pressure  be- 
tween sections  AA  and  BB  would  be  the  same  if  there  would  be 
no  obstructing  baffle  inside.  Therefore,  the  sum  total  of  the 
first  part  of  equation  (5)  represents  tlie  pressure  upon  the  baffle 
per  unit  of  initial  quantity  of  motion  due  to  presence  of  baffle 
onlv ;  this  pressure  per  unit  quantity  of  motion  we  will  desig- 
nate bv  one  letter  P. 

In  the  second  part  of  equation  (5)  the  first  term,  ^  J ,     repre- 

9 
sents  the  loss  of  height  per  unit  of  initial  quantity  of  motion 
due  to  presence  of  baffle  only  ;  we  will  designate  this  by  one 
letter  Y.  The  second  and  third  terras  express  tlie  condition  of 
the  stream  at  entrance  between  baffle  and  seat,  and  we  will  des- 
ignate them  by  one  variable  z;  this  is  that  unknown  quantity 
which  determines  the  jiressures  P,  and  P,  upon  each  side  of  the 


2-22      LAW    OF   HYDRAULIC   OBSTRUCTION    IN    CLOSED   STREAMS 

baffle  separately,  because  from  the  condition  of  equilibrium  of  the 
mass  enclosed  between  ^Ll  and  bottom  of  baffle   inside  of  EFy 

after  excluding  ^    by  means  of  equation  (3),  we  have  : 


1  /  V-       Vi 


V-  \2(7      2^. 


i^  +  -'  +  "■  +  "•-  (1  ^f) 

V  V 

p-  - 

Here  all  terms  are  known  but  z,  Y,  and  P^.  In  tlie  last  term,  in 
equation  (5),  the  factor  — ^  expresses  the  relative  contraction 

of  the  stream  past  the  baffle,  and  we  will  designate  it  by  one 

variable  x.     Hence  equation  (5)  can  be  written  in  the  following 

shape : 

p_  Y^z  +  %^^.x (I) 

d{  -  di 

Of  the  two  variables  z  and  .r,  only  z  will  be  treated  as  an  inde- 
pendent one,  because  when  the  condition  of  the  stream  between 
baffle  and  seat  is  given  its  further  course  is  already  fixed. 

Concerning  Y—  the  loss  of  height  from  presence  of  baffle  per 
unit  of  initial  quantity  of  motion — it  will  consist,  first,  of  the 
possible  impacts  and  horizontal  frictions  taking  place  between 
baffle  and  seat ;  and  second,  of  the  impact  past  the  baffle.  The 
last  one  depends  only  upon  the  contraction  at  section  DD  and  is 

equal  to  x^  — ;  the  first  one  is  uncertain,  and  by  analogy  we  will 


designate  it  by  f/  ^,  so  that 


^=f +1- (ID 


II. 


I  will  now  apply  the  principle  of  least  work,  or  least  resist- 
ance.    This  will  be  expressed  in  the  condition  : 


P  =  const.; '^^^=3  0 (6) 
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This  simply  means,  that  in  case  of  a  baffle  with  a  fixed  load 
upon  it,  of  all  the  possible  adjustments  of  the  stream  between 
baffle  and  seat  balancing  the  load,  that  adjustment  will  prevail 

/  V 

at  which  the  loss  Y  is  miniml^m  :  or,  - ,-  =  0.      From  the  fact 

az 

that  at  uniform  initial  velocity  of  the  stream  the  external  forces 

applied  here  are   constant,  it  may  justly  be  inferred  that  the 

case  here   considered   ought  to  be  one   of  stable  equilibrium, 

which  is  possible  only  at  minimum  Y,  provided  the  function 

of  Y  is  such  that  it  admits  of  a  condition  of  minimum.     That 

such  is  the  case  the  following  .will  show  : 

Based  on  condition  {6)  we  have  from  equations  (I)  and  (II)  by 

difierentiatiou  : 

0  =  1+  -yr, T2  ^  ;  0  =  X  ^  +  y  ~  ;or 

dx  di  —  (h  y  dy  dJ  —  di^     dy 

—  =: \ ",  =  —  -  —  •  or  X  =   -T -,  y  — -  • 

6 3  d^'  —  d-^  X  (^s  '  di'  —  di  ^  6z 

Excluding  Y  from  (I)  and  (II)  and  determining  x,  we  will 
have  : 

d--  -  cf  d(2z  +  y-) 


5 


Determining  {z  4-  e)  from  equation  (7)  and  from  equation  (I) 
and  replacing  y-  by  2  Y-  or,  we  get : 

d'  -  d:-^ 


— (f^y 


%^  \^  "^drr^^^'r  2P  4-  2c  -2Y+  a^ 
=  P  -  F  -  ~ ~  X  +  c  ;  or, 
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"'"'''TKf^y-^^-"'-^--^ 


d,'  -  d,' 


■p-T-M^^.^(^g^^^c 


di'  -  ds 


di'  -  d. 


Developing  the  last  equation,  we  have 

[P  -  Tf  +2{P-Y)  \e  -  '4V^!  X 

L       d{  -  d^-    J 


+  r  -  2c 


-'^%^^^- 


d,?  -  dj 

d;'  -  di 

d,f-di\^ 
d^  -  d^\ 


=  0. 


Adding  and  subtracting  to  last  equation  ( ^^ ^2  ■'»)»  we  obtain 


P  -Y  +  c- 


f/n'  —  d-r 


:,  X 


d-^  _  ,/3^  -^  J 


or, 

(8) 


P-Y 


"c/,r  -  dj 
.di  —  c/3' 

d,?  -  d-r  '-^ 

d{    -    f/g- 


^  ^+  'd'^-d. 


d;'  -  diJ  J 


=  0; 


P  -Y-i 


dj-dj         (dj  -  d,y 

di'  -  di         \d;'  -  di)       J 


+ 


.1  = 


0. 


Which  of  the  two  factors  in  equation  (8)  is  zero  can  be  decided 
in  the  following  way  :  Subtracting  equation  (3)  from  (1)  and 
making  the  usual  modification,  we  obtain  : 


(/i)     • 


r  = 


27^.- 


di  -d 

d--di    p- 
9 


2h 


v 


di  -  d 


■I'Pn    -  Pi 


V  —  %\  _  di  ~  d- 
V  d-  -di 


d-  ~  di 
h  +  e  +  c^  +  H2 


+ 


9 

(1  +/). 


At  a  position  of  baffle  far  away  from  the  upset,  p^  and^j„  will 
become  equal  to  p  —  the  initial  pressure  of  the  entering  stream, 
while  at  position  of  baffle  near  by  the  upset,  p„,  and  p„  will  be 
less  than  p  on  account  of  increased  yelocities  and  loss  of  pres- 
sure through  resistance.  Hence  the  second  part  of  equation  (/3) 
will  vary  with  different  jDOsitions  of  the  baffle,  and  P  —  Y  cannot 
be  a  constant ;  therefore  in  equation  (S)  the  second  factor  only 
can  be  zero  ;  i.e.: 


p  _  Y=2 "^^^  ~  ^^'' -  ■   ^^^°'  ~  ^^'' 


di  -  d^ 


:-,X   + 


di  -  di 


(9) 
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vtiS-~A 


Fig.  52. 


Tlie  unknown  arbitrary  term  e  in  equation  (9)  can  be  replaced 
by  a  more  compreheusiye  one.  Let  Fig.  52  represent  the  same 
baffla  within  the  same  casing  as  in  Fig.  51,  only  removed  at 
such  a  distance  h^  from  the  upset  that  the  latter  ceases  to  influ- 
ence the  passage  of  the  stream  around  the  baffle,  so  that  the 
case  becomes  practically  one  of  a  baffle  within  a  clear  pipe. 
Then  the  condition  of  equilil)rium  for  the  mass  enclosed  be- 
tween A  A  and  BB,  retaining  the  same  notations  as  in  equa- 
tion (1),  will  be : 

-fA id,'  -  do')  {e+fe)-pl (./r  -  d^)  {Ih  +  m^ 


V 


+  p'^id^-drj^'^iv^-v^^p^-p^) 

4  ll 

or,  as  modified  below  and  divided  by  q  -j  {(l'  —  d.?) : 


15 
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dr  -  cl? 


u       P 


>i 


+  {e  +  H,){l+f) 


P!L{d'-di) 


d'  -  di 

(1)^ 


and  the  Bernouilli  equation  for  the  same  sections  A  A  and  BB: 
From  (ly  and  (3)'  we  have,  excluding  {jj^  —pi)'- 


+  (f  +fi)^T^,  +  'S^!^'  K  -  ".) 


cP  —  (4^        (i'  —  d.,^  g 


or,  as  below : 


^'i  -  P'2  di-di(p,       e  +  H,  \      d,^  - 


p:  -  A^ 


c?o^  —  dfe  +  /e 


4  S' 


+  e:L!yrii^_Ei!^i  =  riH-f:=4;^l,r,. 


(/'  -  di  \2g       2g  J  v 


0 


+ 


c?i^  —  di   ^'  /v/  —  i^i 


(5)' 


Denoting  the  first  part  of  this  equation  by  Po  j  ^s  we  did  in 
equation  (5),  and  replacing  -^  J^i^  by  I'o  =  -cf  +   9  >  iii  analogy 

with  equation  (II),  equation  {of  can  be  written  as  follows  : 

-p        „  _  di''  —  d'  (X(f      yo'\      Vi  —  Vi  ,-.,j 

^'~  ^'-dr~d7\Y'^^J^~~ir~'   '   '    ^^^ 

1;  1    ^2  _  ^  2 

The  last  term  is  obtained  by  replacing  —  ^7  71 Ti*     Equa- 
tion (I)^  represents  equation  (T)  with  the  condition  that  the  dis- 
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tance  //  between  baffle  and  upset  has  readied  its  limit  /^i.     At  the 
same  limit  equation  (9)  would  become : 

Subtracting  equation  (9)'  from  (9),  we  have  : 

Excluding  here  the  last  term  by  means  of  equation  (I)',  we 
obtain  : 

(ni).P-r=.;|^(.-^.ff|(f.f).^. 

It  is  this  equation  (III)  which  I  believe  to  represent  the  gen- 
eral law  of  hydraulic  obstruction  in  closed  streams.  Expressed 
in  words,  it  says  :  If  an  obstruction  placed  within  a  stream  en- 
closed in  a  casing  with  an  upset  is  changing  its  position  from 
the  limit  distance  //,,  to  the  distance  li  towards  the  upset,  causing 
thereby  a  certain  variation  in  the  quantity  of  motions  of  the  con- 
tracted stream  around  the  obstruction,  then  the  difference  between 
the  full  J) ress lire  upon  the  ohstruction  and  the  direct  2)ressnre  upon  it  due 
to  loss  of  height  only,  equals  twice  the  part  of  the  variation  in  the  quantity 
of  motion  that  reacts  upon  the  area  of  the  o^istruciion,  i^luH  a  certain  con- 
slant  ;  pressures  and  loss  of  height  mentioned  being  those  due  to 
presence  of  obstruction  only. 

III.* 

In   the    further  investigation  to    follow,   the   constant  terms 

di'—d-   f  x,f      y.^  \        ,    r/ — f,       -n  i       i  i    <r 

-r-, TT-i— r.  -f-,        and — will  be  dropped    from  equa- 

d^  —  d-i  \  A        2   /  V 

tion  (III)  ;  both  terms  will  be  understood  as  included  in  the 

total  pressure  P.     The  separate  appearance  of  these  terms  is 

merely  due  to  the  fact,  that  the  pressures  have  all  been  referred 

to  the  initial  section  of   the  stream  j  (d-  —  dy-)  in  plane  A  A, 

Fig.  1 51),  while  the  pressures  due  to  the  loss  (av+  //,>')  and  to 
the  variation  {v\  —  i\)  are  actually  distributed  all  through  the 

final  section  j  (df—d^)  in  plane  BB. 


*  Added  after  the  meeting. 
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From  equation  iIII)  one  general  conclusion  may  be  made, 
namely,  that  in  deformations  of  closed  streams,  such  as  pro- 
duced by  a  body  immersed  within  the  stream,  the  only  source 
of  live  pressure,  or  reaction  ( P  —  F ),  is  the  final  stream  con- 
traction, or  impact,  x.  As  the  charade/'  of  the  deformation 
remains  the  same,  whether  the  immersed  bod}^  is  stationary  or 
possesses  velocity  and  acceleration,  then,  the  relation  between 
the  reaction  and  the  stream  contraction  x  ought  also  to  remain 
the  same  in  both  cases,  and  equation  (HI),  therefore,  ought  to 
apply  to  moving  obstructions  as  well  as  it  does  to  stationary 
ones.  This  would  not  contradict  the  assumed  condition  P— 
constant,  of  equation  (6),  in  which  the  load  upon  the  baffle  was 
considered  as  fixed.  Indeed,  all  the  previous  equations  have 
nothing  to  do  with  the  outside  forces  acting  upon  the  baffle, 
and  P  actually  means  the  resultant  pressure  exerted  by  the 
stream  upon  the  baffle,  which  pressure  naturally  varies  wdtli 
the  position  h  of  the  baffle  and  the  adjustment  of  the  stream 
between  baffle  and  upset.  Therefore,  the  condition  P=  const, 
must  be  given  a  relative  meaning,  namely :  Whatever  pressure 
P  the  stream  may  exercise  upon  the  baffle  at  the  given  moment 
and  position,  the  tendenc}^  of  the  self-adjustment  s  of  the  stream 

dY 
will  always  be  towards  minimum  loss   Y,  or   ^    —  0.     In  that 

sense  P  is  being  considered  as  constant  while  differentiating 
on  z.  For  the  preliminary  demonstration  of  the  law,  it  was 
simpler,  of  course,  to  consider  that  condition,  when  the  baffle 
is  stationary  and  its  load  P  in  equilibrium  with  the  resultant 
pressure  of  the  stream  passing  around  the  baffle. 

If  the  above  general  conclusion  and  its  consequence  are  cor- 
rect, then  the  preliminary  fundamental  equations  (1),  (2^,  (3), 
and  (4)  must  also  apply  to  a  closed  stream  with  a  moving  baffle, 
and  in  such  a  way  as  to  result  in  an  equation  similar  to  equa- 
tion (I).  The  following  consideration  may  justify  and  direct 
such  special  application  of  the  equations  of  equilibrium  to  the 
case  of  a  moving  and  unbalanced  baffle  within  a  closed  stream. 

Let  the  baffle  be  moving  in  the  direction  of  the  stream  with  a 

ill  . 

velocity  -^  at  the  given  moment  and  position,  h  denoting  the 

distance  of  the  baffle  from  the  upset.  Imagine  within  the  mass 
of  water,  below  the  baffle,  a  central  column  of  such  cross  sec- 
tional area  on  line  ^lA,  Fig.  rol),  that  the  volume  of  water  pass- 
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in.r  throu.-h  it  per  second  in  the  plane  AA  is  equal  to  the  dis- 
placement'per  second  of  the  baffle  at  the  given  moment.     The 

area  of  such  a  clnmn  would  be  ^^^^^  !['•  A  similar  cen- 
tral column  above  the  baffle  would  have  an  area  on  the  line  BB, 
n  {cU  -(U)  zIL^  ^,  a^j  ,j,^  i^eing  the  initial  and  final  velocities  of 

the  stream  in  planes  AA  and  BB.  It  is  evident  that  equation 
(2)  of  equilibrium  of  the  mass  of  water  enclosed  between  the 
planes  CC  and  DD  outside  of  the  line  EF,  Fig.  (51),  cannot 
apply  to  the  central  column,  as  its  mass  of  water  does  not  pass 
around  the  baffle,  and  its  velocity  at  the  most  contracted  section, 
DI),  is  different  from  the  velocity  v,  of  the  stream  that  passes 
aroiind  the  baffle.  For  that  reason,  in  the  case  of  a  moving 
baffle,  the  fundamental  equations  (li,  (2),  (3),  and  (4.)  have  to  be 
applied,  not  to  the  whole  mass  of  water  carried  by  the  stream, 
but  to  that  part  of  it  only  which  surrounds  the  central  column 
and  passes  around  the  baffle,  independent  of  its  velocity  y-   at 

the  given  moment.  Considering,  therefore,  these  central  col- 
umns above  and  below  the  baffle  merely  as  stems  of  the  baffle, 
and  signifying  their  outside  diameters  by  (h'  and  cU,  it  becomes 
evideift  that  the  external  appearance  of  all  equations,  when 
applied  to  the  case  of  a  moving  baffle,  will  remain  exactly  the 
same  as  in  the  case  of  a  stationary  baffle,  except  that  the  stem 
diameters  (h  and  d,  have  now  an  abstract  value,  depending  on 

the  velocity  ^  of  the  baffle,  namely,  for  d^  has  to  be  taken 

,j .       d,{  -  di  Sh        J,, 

and  for  cZs^  is  to  be  taken 

Consequently,  the  complete  analytical  expression  of  the  law  of 
hvdraulic  obstruction  in  closed  streams,  applying  to  stationary 
and  moving  obstructions  alike,  will  be  the  following : 

d,^-d,^-{d,^-di)^^  ^ 
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which  is  obtained  from  equation  (III),  bj  substituting  for  d^  its 
expression  given  above. 

In  the  ajjplication  of  equation  (IV),  the  comiDutation  of  the 
total  stream  pressure  P,  due  to  the  combined  presence  of  baffle 
and  upset  only,  ought  to  be  made,  guided  by  tlie  following 
considerations  :  In  applying  the  first  part  of  the  resulting  fun- 
damental equation  (5)  to  the  case  of  a  moving  baffle,  we  would 
have — in  accordance  with  the  foregoing — to  replace  all  the 
stem  diameters  di  and  d.^  by  the  diameters  of  the  central  water 

column  d\?  and  d\\  viz.,  d.?  +  ''' ^  ~^  and  cZ/  +  "^ ^^  ~  • 

and  from  P,  —  P ,  which  represents  the  resultant  of  all  outside 
forces  ajjplied  to  the  stems  of  the  baffle — such  as  weight  of 
baffle  and  attachments,  spring  pressure,  if  any ;  pressures  upon 
the  ends  of  the  stems  and,  in  the  present  case,  also  the  force 

due  to  acceleration  ^.  of  the  baffle —we  would  have  to  substract 

yet  the  resultant  of  the  pressures  upon  the  baffle  at  its  contact 
surfaces  with  the  central  water  column,  which  forms  now  a  part 
of  the  stems,  and  the  pressure  it  exercises  being  an  outside  force 
acting  opposite  to  the  forces  just  mentioned.  Denoting  these 
pressures  on  either  side  of  the  baffle  by  P^^  and  Po',  ^'Q  have 
from  the  conditions  of  equilibrium  of  the  central  columns  below 
and  above  the  baffle  : 

V  — 


P/=  lidV  -  di)  p  +  p\{dKi  -di)^  ^.  -  ^^j 

P.}  =  I  (rf'Z  -  ^3^)    ^.    +   p  I  (d\^  -   di)  ^   (v,  -   ^f) 


9 

4' 


+  P~Ad''-di)  (e,  +  ff, ){!+/) 


Hence,  substituting  for  d'i  and  d'i  their  above  expressions  and 
substracting  one  from  the  other,  we  obtain  for  that  resultant : 


^1^    -    ^2^    =    V^^-^Tt^f   -P^^^-"    ^^   ^1    +/)) 


'■Q 


di  3A 


4        vi        ^i 
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+  idi  -  di)  [v  -  -y,)    . 

After  introducing  all  these  changes  in  the  first  part  of  equa- 
tion (5)  and  excluding  /j  by  means  of  equation  (3),  we  would  find 
that  the  first  part  of  equation  <  5)  retains  all  the  terms  it  contains 
now,  with  the  addition  only  of  the  following  two  : 

TT  d^-  —  do-  ^h  ^^ 
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divided  like  all  other  terms  by 
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Therefore,  the  pressure  of  the  central  column  which  is  to  be 
substracted  from  the  total  outside  load  upon  the  baffle  in  con- 
sequence of  its  velocity,  is : 

^        '   4:  g  Stv 

(10) 


From  the  foregoing  the  following  method  can  be  formulated 
for  computing  the  pressure  F  which  enters  equation  (IV)  for  a 
given  baffle:  From  the  sum  of  the  outside  .forces  enumerated 
above,  substract  the  central  column  pressure  F^  as  per  equation 
(10),  and  also  the  constant  terms  as  given  in  first  part  of  equa- 
tion (5)  and  the  constant  terms  of  equation  (III) ;  the  obtained 
result,  divided  by  the  initial  quantity  of  motion  of  that  mass  of 
the  stream  that  passes  around  the  baffle,  viz.: 

9 


7t  ^ -.,        ,0       do'-d^Bh' 


which  constitutes  our  accepted  unit  of  pressure,  represents  the 
resultant  pressure  of  the  stream  due  to  combined  presence  of 
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balHo   and  upset  only,  and  nothing  else,  and  denoted  by  P  in 

equation  (IV). 

With  regard  to  the  possible  value  of  the  velocity  of  the  baffle 

ill 

^,  the  only  limiting  condition  apparently  is,  that  the  deforma 

tion  of  the  stream  should  preserve  the  same  character  as  with  a 
stationary  baffle.  Analytically  that  would  mean  that  P  should 
be  greater  than  I'and  x  greater  than  a;,,  in  equation  (IVi. 

This  will  be  the  case  as  long  as  the  velocity  of  the  baffle  is 
less  than  the  final  velocity  of  the  stream  ;  that  is, 

and  still  more  so  when  ^  becomes  negative  ;  that  is,  the  baffle 

moving  against  the  stream.     As  soon  as  the  baffle  moves  in  the 

direction  of  the  stream  with  a  velocity  greater  than  the  final 

velocity  of  tlie  stream  t'l,  then  part  of  the  stream  will  be  forced 

back  with  probable  distortion  of  the  stream  deformation,  and 

the  application  of  equation  (IV)  would  become  uncertain. 

As  in  practice  immersed  bodies  are  usually  in  a  state  of  motion 

or  vibration  wlien  acted  upon  by  a  stream,  as  in  cases  of  check 

valves  and  pump  valves,   the  introduction  of  the  momentary 

3A 
velocity  -^'  of  the  obstruction  becomes  an  evident  advantage, 

making  the  law  applicable  to  all  phenomena  of  obstructions, 
within  closed  streams,  without  exception. 
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DCCLXII.* 

AUXILIARY  EXGINES   AND     TRANSMISSION     OF 
POWER    ON   NAVAL    VESSELS. 

BT  GEO.  W.    DICKIE,  SAN    rUANCISCO,  CAL. 

(Member  of  the  Society.) 

The  subject  of  this  paper  may  lead  the  writer  into  some  dis- 
cussion with  the  buihlers  of  special  types  of  auxiliary  machinery 
iu  use  on  naval  vessels,  as  did  a  paper  read  before  Section  G  of 
the  Engineering  Congress  held  in  connection  with  the  World's 
Columbian  Exposition.  This,  however,  is  not  the  object  of 
this  pajDer.  Our  desire  is  to  present  tlie  subject  as  a  whole,  as 
it  appears  to  the  engineer  who  has  to  deal  with  the  machinery 
required  for  the  many  purposes  where  power  other  than  manual 
must  he  provided,  iu  its  completed  form  ou  board  ship,  and  as 
each  part  and  the  function  it  performs  is  related  to  the  general 
result  aimed  at. 

Unfortunately,  on  government  vessels,  the  work  which  has  to 
be  done  b}'^  machinery  is  divided  up  and  placed  uuder  the  cog- 
nizance of  various  bureaus,  each  having  a  decided  preference 
for  some  particular  mode  of  transmitting  power,  wliich  might 
really  be  the  best  for  the  particular  worlc  of  that  bureau,  but 
may  not  be  applicable  at  all  to  the  class  of  work  under  the  cog- 
nizance of  another  bureau,  the  result  being  that  in  one  sliip  we 
are  very  likely  to  find  three  different  methods  of  transmitting 
power  in  use,  aud  no  one  in  charge  master  of  any  one  method. 

In  mentioning  three  methods  of  transmitting  power  in  use  on 
our  naval  vessels  we  exclude  steam,  that  being  the  original  form 
iu  which  the  power  at  present  is  generated,  and  therefore  can 
be  distributed  without  any  reconverting  mechanism. 

Electric  power  is  generated  for  lighting  purposes,  for  control- 
ling search  lights,  operating  small  fans  for  si:)ecial  purjDOses,  and 
for  signal  purposes.  In  quite  a  large  number  of  vessels  electric 
power  is  used  to  operate  ammunition  hoists,  and  in  one  or  two 


*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactiomt. 
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recent  cases  the  lighter  turrets  have  been  operated  by  electric 
motors.  In  some  vessels  now  building  a  further  extension  of 
electric  transmission  of  pow^'  is  being  made  to  include  the 
large  turrets  and  all  the  gun-mount  movements  of  the  large 
guns.  So  that  we  now  have  the  Ordnance  Bureau  fairly  com- 
mitted to  this  method  of  transmission. 

In  some  of  our  ships  the  distribution  of  power  is  divided 
between  electric  and  hydraulic  transmission,  the  main  battery 
being  operated,  including  the  turrets,  by  hydraulic  power, 
while  the  ammunition  for  all  secondary  guns  is  served  by  elec- 
tric hoists ;  while  in  others,  the  battleship  Oregon  being  a 
good  example,  the  main  turrets  and  their  guns  are  not  only 
entirely  operated  by  hydraulic  motors,  but  all  ammunition 
hoists  throughout  the  ship,  battle-doors,  etc.,  are  worked  from 
the  same  source  of  power.  This  vessel  is  also  fitted  with  hy- 
draulic steering  gear. 

Compressed  air  has  been  used  to  some  extent  as  a  means  of 
transmitting  power  on  some  of  our  vessels,  and  is  provided  on 
all  vessels  carrying  torpedoes  for  charging  these  intricate  self- 
propelling  projectiles. 

Colonel  Soliani,  Chief  Engineer  of  the  Italian  Navy  Depart- 
ment, has  strongly  advocated  compressed  air  as  a  means  of 
transmitting  power  for  all  purposes  on  warships,  except  for 
operating  large  turrets,  for  which  he  prefers  hydraulic  power. 

There  are  also  those  who  advocate  the  use  of  steam  direct  on 
all  auxiliaries,  including  the  working  of  all  turrets,  ammunition 
hoists,  and  even  the  manipulation  of  the  guns.  The  Bureau  of 
Steam  Engineering  naturally  favors  this  direct  application  of 
steam  as  the  most  economical  method,  in  power  used,  in  weight, 
and  in  efficiency. 

In  the  present  state  of  the  art  of  transmitting  power  to  all 
parts  of  a  modern  warship  it  is  not  possible  to  compare  one 
method  with  another  as  a  whole,  and  from  actual  experience, 
there  being  no  one  ship  with  a  complete  system  of  transmission 
from  a  central  generating  station  of  one  type  to  compare  with 
another  ship  having  an  equally  complete  system  from  a  central 
generating  station  of  another  type. 

In  the  comparisons  to  be  made  and  the  conclusions  arrived  at 
in  this  paper,  the  writer  must,  therefore,  depend  upon  his  own 
observation  of  the  working  of  mixed  systems,  and  his  general 
experience  in  regard  to  each  system  of  transmission. 
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Since  the  presentation  of  the  paper  referred  to  at  the  Inter- 
national Congress  of  Engineers,  experience  on  this  subject  has 
broadened  somewhat,  and  the  power  of  fashion  has  been  felt  in 
engineering,  as  well  as  in  social  questions.  Young  men  are  being 
trained  into  a  fitness  for  understanding  and  caring  for  one  form 
of  power  transmission  in  preference  to  others,  Avhich,  though 
older,  are  not  so  much  before  the  public. 

Engineering  methods  in  the  navy,  like  the  engineers  them- 
selves, appear  to  be  retired  on  account  of  age,  that  the  younger 
methods  may  have  a  chance.  So  that  we  find  that  naval  ofHcers 
beginning  their  experience  are  eager  to  become  acquainted  with 
the  new  and  fashionable  methods  of  power  generation  and  trans- 
mission, while  they  do  not  care  to  make  the  acquaintance  of  the 
older  methods.  So  the  old  is  neglected  and  receives  no  benefit 
from  the  better  education  of  the  young  officers,  while  the  new 
and  more  attractive  method  gets  all  the  benefit  of  being  cared 
for  and  nursed  into  efficiency  by  the  brightest  young  men  in 
the  service.  Who  to-day  would  prefer  to  be  Avet  nurses  to  a 
hydraulic  pump  to  producing  potential  energy  from  an  electric 
generating  set? 

Still,  there  must  be  more  than  outward  attractiveness  in  any 
method  of  power  transmission  to  secure  its  adoption  and  reten- 
tion on  board  a  warship  where  reliability  and  efficiency  must 
ultimately  decide  as  to  what  can  remain  and  what  must  be 
replaced  by  something  better. 

In  our  investigation  of  the  various  methods  in  use  we  will 
consider  not  only  what  they  at  present  are,  but  what  they 
mischt  be  if  all  that  is  known  in  regard  to  them  were  utilized  in 
the  installation,  and  we  Avill  assume  that,  frst,  all  operations  on 
a  warship  requiring  power  can,  with  properly  designed  mech- 
anism, be  ])erformed  by  steam  direct  from  the  boilers. 

Second,  all  operations  on  a  warship  requiring  power  can,  with 
properly  designed  mechanism,  be  performed  by  water  under  a 
high  pressure  imparted  to  it  by  steam-operated  pumps. 

Third,  all  operations  on  a  warship  requiring  power  can,  with 
properly  designed  machinery,  be  performed  by  air  under  pres- 
sure imparted  to  it  by  steam-operated  air  compressors. 

Fofdih,  all  operations  on  a  warship  requiring  power  can,  with 
properly  designed  machinery,  be  performed  by  electric  motors, 
using  a  current  generated  in  a  central  station  by  steam-driven 
generators. 
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The  idea  that  each  of  these  four  methods  was  suited  to  some 
functions  find  uot  to  others  is  the  reason  whv  mixed  systems 
prevail  on  all  of  our  ships,  and  how  far  our  assumption  that  this 
is  not  the  case  can  be  maintained  -will  be  the  subject  of  our 
present  inquiry. 

Keeping  to  the  order  which  we  have  indicated,  the  application 
of  steam  direct  to  all  purposes  first  claims  our  consideration. 

In  all  of  our  war  vessels  steam  is  used  direct  on  a  large  number 
of  the  auxiliary  machines  throughout  the  vessel,  and  in  all  of 
them,  except  those  fitted  with  hydraulic  steering  gear,  the  steam 
is  carried  from  end  to  end  of  the  ship,  the  steam  windlass  being 
at  the  one  end  and  the  steam  steering  gear  at  the  other,  requir- 
ing two  lines  of  steam-heated  pipe  for  the  whole  length  of  the 
vessel.  Between  these  points,  both  on  upper  and  lower  decks, 
machines  are  operated  by  steam  on  all  our  shij^s.  On  the  upper 
decks  there  are  steam  winches,  steam  windlass,  steam  boat  cranes, 
and  steam  ash  hoists ;  and  on  lower  decks,  outside  the  engine 
and  boiler  compartments,  there  are  steam  ventilating  fans, 
steam  air  compressors  for  torpedo-charging,  steam  steering 
gear,  and  in  some  of  the  vessels  steam  turning  gear  for  turrets 
and  steam  ammunition  lioists. 

We  see  no  mechanical  dijfficulty  in  the  way  of  steam  being 
applied  direct  to  all  auxiliary  machinery.  Its  elasticity,  it  is 
claimed,  renders  it  difficult  to  train  heavy  turrets  by  this  agent, 
and  we  are  satisfied  that,  to  have  full  control  of  accurate  move- 
ments of  such  heavy  masses  by  steam,  some  very  reliable  con- 
trolling device  must  be  introduced,  and  for  this  purpose  we 
have  been  introducing  into  recent  designs  a  continuous  and 
automatic  bydraulic  control  which  should  make  all  movements 
of  a  steam-operated  turret  as  accurate  as  those  operated  by 
hydraulic  motors. 

Compressed  air  and  electricity  need  to  be  controlled  through 
an  inelastic  medium  to  the  same  extent  as  steam  does,  when 
applied  to  such  work  as  moving  large  turrets. 

Granted  that  steam  is  capable  of  operating  direct  every  class 
of  auxiliary  machine  on  a  warship,  and  seeing  that  it  is  on  hand 
at  all  times  and  always  ready,  how  comes  it  that  on  all  of  our 
ships  this  steam  is  converted  into  some  other  form  of  energy 
and  in  this  new  form  is  applied  to  certain  operations  that  it 
might  just  as  well  be  applied  to  direct? 

Those  who  claim  that  steam  shoiild  be  converted  into  some 


TRANSMISSION    OF   POWER    ON   NAVAL   VESSELS.  237 

other  form  of  energy  and  distributed  to  tlio  various  machines 
base  their  claim  on  tliree  points  of  advantage — safety,  economy, 
and  comfort.  The  presence  of  steam  pipes  in  all  compartments 
of  a  "war  vessel  must  be  considered  in  connection  with  the  busi- 
ness in  which  the  vessel  is  to  be  engaged,  and  that  is  to  fight. 
In  action  these  pipes  would  all  have  to  be  open  at  least  from 
the  forward  turret  to  the  steering  engines  in  the  stern,  and  are 
more  or  less  subject  to  damage.  It  would  be  difficult  to  over- 
estimate the  loss  which  might  result  from  a  broken  steam  pipe  in 
any  comjDartment  under  the  main  deck  of  a  war  vessel  in  action. 
Such  an  accident  might  not  only  involve  the  loss  of  all  men  in 
such  a  compartment,  but  the  total  disablement  of  the  ship  as  a 
fighting  machine. 

It  is  difficult  to  determine  the  relative  economy  of  steam  as 
applied  direct  throughout  a  ship  and  as  applied  through  some 
other  agent.  The  great  source  of  loss  is  through  condensation. 
Nearly  all  the  machines  which  use  steam  in  naval  vessels,  outside 
of  those  directly  connected  with  the  propelling  of  the  vessel,  do 
so  intermittently,  and  masses  of  metal  must  be  heated  up  every 
time  a  movement  is  made.  There  is  no  doubt  that  a  large  por- 
tion of  the  steam  used  goes  to  renew  lost  heat  in  this  way,  and 
is  condensed  without  doing  any  useful  work  ;  besides  this  source 
of  waste,  the  steam  engines  used  for  auxiliary  work  are  of  neces- 
sity of  the  most  wasteful  character.  As  a  rule  they  are  revers- 
ing, the  reversing  gear  usually  consisting  of  a  reversing  valve 
operated  through  some  form  of  floating  lever.  The  waste  of 
steam  in  this  class  of  engines  is  enormous,  and  we  hardly  think 
that  on  an  average  a  horse-power  is  obtained  for  each  one  hun- 
dred pounds  of  steam  used.  The  combined  waste  from  conden- 
sation and  wasteful  motors  must  result  in  a  large  exjjenditure 
of  fuel  in  proportion  to  the  work  done,  and  in  our  opinion 
makes  the  direct  application  of  steam  to  auxiliary  machinery 
on  warships  the  least  economical  of  the  methods  in  use. 

The  objection  to  the  direct  use  of  steam  on  account  of  the 
discomfort  caused  by  heat  in  places  difficult  to  ventilate  effi- 
ciently is,  perhaps,  the  most  serious  objection  made  to  this 
method  of  power  distribution.  Steam  and  exhaust  pipes  run- 
ning to  the  various  machines  must  be  carried  as  a  matter  of 
safety  below  the  protective  deck  line,  and  for  the  same  reason 
all  engines  requiring  to  be  operated  in  time  of  action  are  also 
placed  below  that  deck,  where  ventilation  is  very  difficult,  even 
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Avliere  there  are  no  engines ;  hut  with  steam  engines  in  or  under 
handling  rooms,  and  in  recesses  formed  in  ammunition  passages, 
and  with  battle  hatches  closed,  it  is  difficult  to  see  how  men  can 
possibly  carry  on  the  work  of  tending  such  engines,  serve  am- 
munition hoists,  and  perform  all  the  duties  required  of  the 
under-deck  force  in  time  of  battle.  Physical  endurance  has 
always  been  a  prime  factor  in  action,  and  no  method  of  dis- 
tributing power  should  be  adopted  in  a  warship  which  ren- 
ders it  impossible  for  every  man  to  do  his  duty  in  the  time  of 
trial. 

We  may  now  consider  our  second  assumption,  that  all  opera- 
tions on  a  warship  requiring  power  can,  with  j^roperly  designed 
machinery,  be  performed  by  water  under  a  high  pressure  im- 
parted to  it  by  steam-operated  pumps. 

In  our  paper  already  referred  to,  read  before  the  Division  of 
Marine  Engineering  and  Naval  Architecture  of  the  International 
Engineering  Congress,  the  question  of  hydraulic  transmission  of 
power  on  warships  was  very  fully  discussed,  and  the  general 
proposition  of  a  central  hydraulic  station  within  the  enclosure 
containing  the  main  engines  and  boilers,  Avliere  the  water  would 
be  placed  under  pressure  by  pumps  operated  by  the  most 
economical  type  of  steam  engine  under  the  immediate  super- 
vision of  the  engineer  officers  of  the  vessel,  and  its  manner  of 
distribution,  was  fully  set  forth. 

During  the  four  years  which  have  elapsed  since  that  paper 
was  written,  and  in  view  of  whatever  experience  has  been 
gained  on  the  subject  during  that  time,  v,e  are  still  of  the 
opinion  then  expressed,  that  most  of  the  work  required  of 
auxiliary  machines  on  warships  can  be  better  done  by  hydraulic 
than  any  other  means  of  transmission  ;  and  if  so,  how  about  the 
qualities  we  considered  in  connection  with  steam  applied  direct 
— safety,  economy,  and  comfort? 

In  considering  the  question  of  safety  we  must  not  only  take 
into  account  dangers  resulting  from  accident  to  the  means  of 
transmission,  but  the  danger  w^hich  might  result  to  the  vessel  as 
a  whole  if  this  means  of  transmission  was  not  as  reliable  in  its 
action  as  any  other  means  of  transmitting  power. 

The  danger  we  pointed  out  from  the  possibility  of  damage  to 
a  steam  pipe  where  steam  was  used  direct,  does  not  exist  in 
connection  with  hydraulic  transmission ;  the  result  being 
simply  cutting  out  of  service  the  machine  to  which  such  a  pipe 
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leads.  As  to  reliability,  our  experience  proves  that  after  the 
lirst  difficulties  are  overcome  tliere  is  uo  form  of  power  trans- 
mission which  can  be  depended  upon  with  more  confidence  than 
hydraulic.  At  first  it  needs  a  wet  nurse  ;  j^articles  of  rust,  scale, 
chips,  etc.,  in  the  many  connections  of  such  a  complicated 
system  of  distribution  as  would  be  required  on  a  warship, 
coupled  with  defective  material  in  parts,  try  the  patience  of 
the  nurse ;  but  once  these  microbes  are  out  of  the  hydraulic 
system,  a  long  and  useful  life  is  pretty  sure  to  follow. 

Partial  hydraulic  systems  are  now  on  warships  under  the 
care  of  officers  who  have  had  no  opj)ortunity  to  become  expert 
in  hydraulic  work,  and  who  in  many  cases  do  not  believe  in  its 
application,  and  yet  the  record  of  failure  at  any  time  to  perform 
the  functions  required  is  a  remarkably  clean  one  ;  so,  as  regards 
safety,  either  to  the  system  itself,  tlie  vessel  as  a  whole  in  wdiich 
it  is  installed,  or  the  life  of  those  connected  with  its  operation, 
the  liydraulic  system  of  transmission  is  certainly  superior  to 
any  method   of  direct  steam   application. 

Granting  that  this  system  is  eminently  safe,  is  it  an  economical 
method  of  distribution  ? 

It  has  generally  been  allowed  even  by  those  who  are  most 
strongly  in  favor  of  its  adoption  that,  owing  to  the  conditions 
which  govern  the  operation  of  most  auxiliaries  on  board  war- 
ships, economy  must  be  sacrificed  when  a  hydraulic  system  is 
adopted.  Hydraulic  motors  for  any  of  the  varied  purposes 
requiring  power  on  warships  must  be  designed  large  enough  to 
meet  the  maximum  requirements  of  the  service,  and  if  these 
motors  are  of  the  piston  or  plunger  type,  the  regular  form  at 
present  in  use,  the  maximum  amount  of  power  will  always  be 
used,  although  the  minimum  work  only  is  required. 

If,  instead  of  using  a  motor  having  cylinders  with  moving 
pistons  or  rams,  utilizing  the  pressure  to  obtain  power,  and 
measuring  out  a  given  quantity  of  water  for  each  movement, 
irrespective  of  the  work  to  be  done,  the  pressure  water  was 
applied  to  a  properly  designed  wheel  of  tlie  tangential  type,  an 
efficiency  averaging  about  70  per  cent,  could  be  obtained  with 
a  great  variation  in  the  load,  and  thus  one  source  of  waste  with 
this  system  would  be  avoided. 

The  direct  ram  would  be  still  retained  for  certain  purposes 
where  the  precision  of  movement  is  of  the  first  importance,  such 
as  in  steering  gears  and  gun-training  movements. 
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The  xVmericau  mania  for  direct-acting  steam  jjumps  to  gener- 
ate power  for  such  an  installation  is  the  most  fatal  obstacle  to  be 
encountered  in  any  effort  to  reach  reasonable  economy  in  a 
hydraulic  system  of  power  transmission  on  board  our  warships. 
In  some  of  the  battleships  now  building  it  is  proposed  to  install, 
for  the  generation  of  hydraulic  power,  say  six  duplex  hydraulic 
pumps  of  400  gallons  capacity  each  per  minute,  at  600  pounds 
pressure  per  square  inch  ;  this  requires  twelve  steam  cylinders, 
22  inches  diameter,  and  say  24  inches  stroke,  being  with  pump 
friction  about  950  horse-power.  This  will  require  with  the 
type  of  pump  proposed  not  less  than  95,000  pounds  of  steam  per 
hour,  and  this  certainly  would  give  on  the  main  engines  5,000 
horse-power.  Half  the  total  boiler  power  of  the  ship  with 
forced  draught  would  be  absorbed  by  such  a  pump  installation, 
if  working  at  its  full  capacity. 

This  is  the  main  reason  why  hydraulic  power  is  condemned, 
on  account  of  the  fuel  required  for  the  regular  daily  practice 
with  the  mechanism  now  operated  by  water  on  those  ships  so 
fitted. 

There  is  no  reason  why  hydraulic  power  should  not  be  gener- 
ated by  as  economical  steam  engines  as  any  other  form  of 
energy,  and  with  economy  in  its  production,  which  can  be 
reached  by  means  now  at  our  disposal,  and  applying  the  j^ower 
thus  generated  through  motors  best  adapted  for  an  economical 
application  of  this  power,  keeping  in  view  functional  economy 
as  well  as  quantitative  economy.  There  is  no  reason  which 
we  can  discover  why  a  hydraulic  system  of  power  distribution 
for  all  purposes  requiring  power  should  not  be 'more  economi- 
cal than  steam  applied  direct,  provided  ordinary  steam  pumps 
are  avoided  in  the  generating  department,  and  something  else 
than  water  meters  used  as  motors. 

As  to  comfor!: :  The  presence  of  hydraulic  pij)es  in  any  of 
the  living  spaces,  store-rooms,  or  magazines  in  no  way  affects 
the  temperature  or  ventilation  of  such  spaces.  Branch  pipes  in 
very  few  cases  need  exceed  1^  inches  in  diameter.  Any  leakage 
is  easily  discovered  and  can  do  no  damage.  The  working  of  all 
water  motors  can  be  accomplished  without  noise,  and,  there 
being  little  or  no  change  in  the  temperature,  all  joints  when 
once  tight  are  likely  to  remain  so,  and  this  is  the  one  great  com- 
fort always  attending  a  well-designed  and  carefully  installed 
hvdraulic  svstem  of  transmission. 
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Our  third  assumption,  tliat  all  operations  ou  a  warship  requir- 
ing power  can,  with  projjerlj  designed  machinery,  be  performed 
by  air  under  pressure  imparted  to  it  by  steam-operated  air  com- 
pressors, may  now  be  considered. 

This  means  of  transmitting  power  in  warships  has  been 
advocated  at  different  times,  and  by  men  well  qualified  to  give 
an  opinion,  and  who  have  had  opportunities  to  test  partially  its 
merits  as  against  other  methods.  AVe  have  mentioned  in  this 
connection  Colonel  Soliani,  Chief  Engineer  of  the  Italian  Navy 
Department,  who,  in  comparing  the  various  methods  now  in  use 
on  board  war  vessels  for  transmitting  power  consisting  of  steam 
direct,  hydraulic,  compressed  air,  and  electricity,  sums  up  the 
advantages  and  disadvantages  of  these  different  methods  by 
giving  the  preference  to  compressed  air  for  all  purposes  except 
handling  big  guns  and  turrets,  for  which  he  would  use  hydraulic 
power. 

As  our  aim  would  be  to  have  on  any  given  ship  but  one  method 
of  i^ower  transmission,  we  would  not  make  any  exceptions  in 
regard  to  the  operation  of  large  guns  or  turrets. 

Steam  and  electricity,  when  applied  to  handling  large  guns 
and  turrets,  have  the  same  objectionable  features  as  compressed 
air,  combined  with  other  objections  peculiar  to  themselves. 
The  objection  to  compressed  air  in  this  connection  is  its  elas- 
ticity, preventing  accurate  movements  being  made  with  certainty. 
This  can  be  overcome  by  the  introduction  of  a  continuous  and 
automatic  hydraulic  control  as  mentioned  in  connection  Avith 
the  use  of  steam  direct,  and  which  we  will  more  fully  describe 
in  connection  with  the  application  of  electricity  to  the  manipu- 
lation of  big  guns  and  turret  mounts. 

Granting,  then,  our  assumption  of  the  possibility  of  a  com- 
pressed-air system  of  power  on  warships  being  made  serviceable 
for  all  auxiliary  purposes,  we  may  now  consider  the  qualities  of 
safety,  economy,  and  comfort  in  their  relation  to  this  system. 

Perhaps  no  form  of  power  transmission  has  all  the  elements 
of  safety  in  the  same  degree  as  compressed  air.  A  leak  in  the 
transmission  pipes  improves  the  ventilation  and  adds  to  the 
comfort  of  those  working  in  that  compartment.  The  pressure 
carried,  of,  say.  six  atmospheres,  makes  all  kinds  of  connections 
simple  and  easily  cared  for.  Double  bottoms  and  difficult 
places  of  access  can  be  purified  and  ventilated  by  a  small  jet 
from  the  distributing  pipes.  Water  may  be  excluded  from  any 
16 
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iLuuiiged  compartment  which  can  be  made  air-tight  clown  to  the 
level  of  the  opening  that  admits  the  water.  The  writer  floated 
one  ship,  the  Je^si,'  Oshorn,  which  was  stranded  on  the  rocks  north 
of  San  Francisco  Bay,  wlien  great  sections  of  the  bottom  were 
entirely  gone,  by  stiffening  and  caulking  the  hold  deck,  and  by 
means  of  an  air  comjjressor  forcing  air  under  that  deck,  thereby 
forcing  the  water  out  through  the  ojDen  bottom,  lifting  the 
ship  up  to  almost  her  light  draught. 

^\jiy  compartment  in  a  warship  using  a  compressed-air  system 
of  power  transmission  can  be  promptly  cleared  of  water  by  this 
means,  the  extent  of  the  aperture  by  which  the  water  enters 
being  of  no  consequence.  This  being  kej)t  in  view  in  designing 
and  building  the  vessel,  would  render  this  method  of  transmitting 
power  one  of  the  greatest  elements  of  safety  and  give  an  immense 
added  value  to  the  under-water  compartments ;  so  that,  should 
one  or  more  compartments  be  damaged  by  either  striking  a  rock 
or  being  struck  by  a  torpedo,  such  compartment  would  simply 
be  put  out  of  use,  but  by  keeping  it  charged  with  air  to  a  pres- 
sure equal  to  the  draught  of  water  of  the  vessel,  its  buoyancy 
would  not  be  impaired  if  the  damage  was  in  the  bottom,  as  it 
most  likely  would  be. 

We  have  mentioned  this  advantage  in  the  use  of  compressed 
air  because  it  is  the  only  one  of  these  three  systems  of  power 
transmission  which  can  be  so  used  in  connection  with  the  gen- 
eral safety  of  the  vessel. 

In  the  matter  of  economy,  both  in  generating  and  in  distribu- 
tion, the  compressed  air,  if  proper  methods  are  adopted,  should 
be  at  least  equal  to  any  of  the  other  systems  which  have  been 
tried.  The  compressors  used  should  be  of  the  most  modern 
type — triple  expansion  of  steam  and  triple  compression  of  air, 
and  with  storage  enough  to  meet  sudden  calls. 

No  system  is  so  well  adapted  to  the  installation  of  power  being 
made  to  equal  the  average  required  instead  of  the  maximum. 
Soliani  mentions  the  success  obtained  by  Professor  Eiedler  in 
compressing  air  in  two  stages.  This  method  of  compressing  has 
during  the  past  few  years  become  almost  universal  where  any 
degree  of  economy  is  aimed  at,  and,  while  it  has  no  direct  bear- 
ing on  the  subject  of  generating  power  for  transmission  through 
a  warship,  yet,  in  justice  to  ourselves,  we  desire  to  state  that  in 
1876  we  designed  an  air  compressor  which  was  built  for  use  at 
the  Crown  Point  Mine,  Yirginia  City,  Nevada,  in  which  the  air 
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was  compressed  iu  two  stages,  and  the  steam  expanded  in  two 
stages ;  that  is,  both  the  steam  and  air  ends  of  the  machine 
were  compound.  We  published  a  plan  and  description  of  this 
air  compressor  iu  1877  in  a  book  on  Ilvistuig  and  Pmnping 
Macliinenj,  from  which  we  quote  the  following: 

"  The  compressor  (Fig.  53)  consists  of  two  fixed  rams,  one  of  26 
inches  diameter,  secured  to  the  bed  plate,  and  another  of  12 
inches  diameter,  secured  to  the  entablature  ;  between  these  rams 
and  upon  them,  is  a  sliding  cylinder,  water-jacketed  all  over.    Be- 
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Fig.  53. 


tween  the  large  and  small  end  of  the  cyclinder  is  a  valve  opening 
upwards,  and  on  the  head  of  the  large  ram  and  the  butt  of  the 
small  ram  are  valves  opening  upward. 

"  Sup230se  the  sliding  cylinder  on  the  bottom  centre  and  the 
steam  cylinder  piston  at  the  top,  steam  being  admitted  on  the 
piston ;  the  sliding  cylinder  will  rise  and  take  air  through  the 
valve  in  the  head  of  the  large  ram  until  it  reaches  the  top  centre. 
Thp  space  above  the  large  ram  will  then  have  air  at  the  atmos- 
pheric pressure.  Steam  then  being  admitted  to  the  other  side 
of  the  piston,  the  sliding  cylinder  descends,  the  valve  in  the 
head  of  the  large  ram  closes,  and  the  valve  between  the  large 
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mid  sniiiU  ryliuders  opens,  and  the  air  during  this  stroke  is  com- 
pressed into  the  small  cylinder.  During  the  next  up-stroke  this 
compressed  air  is  forced  through  the  valve  in  tlie  hottom  of  the 
small  ram  into  the  receiver  at  the  same  time  the  air  is  being 
taken  again  through  the  valve  in  the  head  of  the  large  ram. 

"  The  Avork  of  compression  is  tlius  extended  over  two  strokes, 
or  a  complete  revolution  of  the  engine,  and  more  time  is  obtained 
for  abstracting  the  heat  generated  in  the  operation.  The  valves, 
Avhicli  are  only  three  in  number,  all  lift  upward,  and  need  no 
device  to  seat  them.  All  of  the  valves  remain  open  diiring  the 
greater  part  of  the  stroke,  and  have  not  such  a  quick  action  as 
when  the  compression  is  done  in  one  cylinder  with  the  delivery 
valves  open  for  a  small  fraction  of  a  second  at  the  end  of  the 
stroke. 

"  We  also  consider  the  ram  better  than  the  jDiston,  as  any 
leakage  is  at  once  seen  and  readily  stopped. 

"  The  steam  cylinder  for  this  compressor  is  also  fitted  with  a 
variable  cut-off. 

"  In  large  machines  of  this  class,  -we  would  make  them  double, 
using  two  compressor  cylinders  moving  in  opposite  directions, 
and  a  compound  condensing  engine  where  water  could  be  had. 

"  Compressed  air  is  being  used  to  such  an  extent  in  the  mines 
that  anything  which  will  tend  to  cheapen  the  compressing  will 
have  its  effect  on  the  fuel  bills." 

This  last  sentence  which  we  quote  aj)pears  to  have  been  an 
unfortunate  statement,  for,  while  the  compressor  referred  to  was 
being  built  for  the  Crown  Point  Mine,  a  change  took  place  in 
those  controlling  the  mine  whereby  the  parties  which  sold  wood 
for  fuel  to  all  the  mines  came  into  power,  and  being  afraid  that 
the  statement  made  about  saving  fuel  might  be  true,  they  con- 
cluded that  it  would  be  better  for  their  interests  to  accejDt  the 
250  horse-power  new  compressor,  and  put  it  in  some  safe  place 
out  of  sight,  where  it  could  not  interfere  with  the  consumption 
of  cord  wood,  and  there  it  remains  to  this  day. 

A  small  compressor  for  charging  the  air  chambers  of  the 
hydraulic  pumping  plant  at  the  combination  shaft,  Virginia 
City,  was  made  at  about  the  same  time,  which  delivered  air  com- 
pressed to  2,000  pounds  per  square  inch,  working  perfectly. 
Pig.  53  is  a  photograj^h  taken  from  the  illustrations  in  the  book 
referred  to,  and  to  which  the  quotation  refers.  Since  then  this 
method  of  compressing,  Avith  many  variations  in  the  mechanism 
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by  which  it  is  accomplished,  has  been  accepted  as  the  most 
economical  method  of  compressing  air  for  the  transmission  of 
power. 

With  an  air  receiver  of  considerable  size  and  two  compressors, 
one  small  to  supply  power  to  operate  steering  gear,  ventilation, 
and  other  functions  constantly  in  use,  the  main  compressor  need 
only  bo  oj^erated  when  the  crew  are  at  quarters,  and  all  the 
fighting  machines  of  the  ship  are  being  moved,  or  in  action. 

The  lubrication  of  air  motors  at  the  low  temperature  reached 
in  working  them  expansively  is  beginning  to  be  better  under- 
stood, and  difficulties  due  to  the  formation  of  ice  in  exhaust 
passages  where  the  air  carries  moisture  can  also  be  obviated. 

In  1876  we  operated  comj)ound  air  motors  with  considerable 
expansion,  and  to  avoid  the  difficulties  mentioned,  had  recourse 
to  devices  that  have  been  invented  several  times  since. 

In  explanation  we  quote,  from  the  book  already  referred  to, 
the  following  in  reference  to  compound  pumps  operated  by 
air : 

"  Afraid  that  the  compressed  air,  holding,  as  it  always  does, 
some  w^ater  in  suspension,  by  being  expanded  into  four  times 
the  volume  might,  by  the  loss  of  temperature,  cause  the  forma- 
tion of  ice  in  the  passages  leading  to  and  from  the  low-j^ressure 
cylinder,  we  have  taken  advantage  of  the  fact  that  water  in  most 
of  our  mines  is  warm,  and  encased  the  cylinder  in  the  pump 
discharge,  or  column,  or,  in  other  Avords,  we  have  water-jacketed 
the  low-j)ressure  cylinder  and  nozzles.  Should  tliis  pump  be 
used  for  steam,  the  discharge  would  then  pass  on  without  going 
into  the  jacket." 

The  above  quotation  shows  that  over  twenty  years  ago  we 
had  been  working  on  problems  that  have  since  been  solved  on 
lines  almost  ^^arallel  to  those  on  which  we  were  then  working. 

With  the  most  economical  steam  engine,  operating  the  most 
economical  compressor,  and  the  compressed  air  converted  into 
useful  work  through  economical  air  motors,  this  system  of  power 
transmission  on  warships  should  meet  every  requirement  on 
the  score  of  economy. 

As  to  comfort,  we  have  already  pointed  out  some  of  its  advan- 
tages. No  return  pipes  are  required,  as  in  all  other  systems, 
electricity  not  excepted.  The  liberated  air  from  motors  will 
ventilate  and  cool  the  spaces  in  which  they  operate,  and  these 
spaces  are  iisually  the  most  difficult  to  ventilate. 
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lu  the  hydraulic  system  all  losses  by  leakage  must  be  made 
up  by  fresh  water  manufactured  ou  board,  whereas  by  this  sys- 
tem the  more  loss  the  better  it  feels  where  the  loss  has  occurred, 
and  the  feeling  of  absolute  safety  in  case  of  any  break  in  the 
transmission  pipes  must  add  to  the  efficiency  of  the  men  whose 
duty  requires  them  to  work  beside  the  motors  and  the  pipes 
which  supply  the  power  to  them. 

.Vll  the  machinery  required  in  such  a  system  of  transmission 
is  of  a  character  now  well  understood  by  the  engineer  officers 
on  our  warships,  and  the  difficulties  attendant  ou  operating 
mechanism  not  understood  by  the  operator  are  avoided. 

Our  fourth  assumption,  that  all  operations  on  a  warship 
requiring  power  can,  with  projDerly  designed  machinery,  be  per- 
formed by  electric  motors,  using  a  current  generated  in  a  cen- 
tral station  by  steam-driven  generators,  now  remains  to  be 
considered. 

The  advocates  of  this  system  have  a  foundation  for  their 
method  of  power  transmission  which  those  who  favor  any  of  the 
other  methods  do  not  possess,  in  the  fact  that  all  modern  war- 
ships have  a  certain  amount  of  power  converted  into  electric 
energy  and  distributed  throughout  the  ship  for  lighting  purposes. 

While  there  is  no  difficulty  in  generating  electricity  by  the 
use  of  water  or  air  motors,  there  is  the  waste  of  converting  the 
steam  into  one  form  of  energy  and  converting  that  again  into 
another  form  of  energy.  To  justify  such  a  course  it  would  be 
necessary  to  j)rove  that  water  or  air  as  a  transmitting  agent 
possessed,  for  all  purposes  but  lighting,  a  great  advantage  over 
any  known  method  of  electric  transmission. 

This,  in  the  present  condition  of  the  art  of  transmitting  power 
by  generated  electricity,  cannot  be  maintained.  We  must  there- 
fore concede  that  the  electric  method  has  the  advantage  of  un- 
disputed possession  of  the  field  for  at  least  one  j^art  of  the  work 
to  be  done. 

Another  advantage  which  electricity  possesses,  here  as  every- 
where else  in  the  field  of  applied  mechanics,  is  that  young 
engineers  are  educated  into  the  knowledge  of  how  best  to  gen- 
erate and  apply  this  agent  in  a  manner  which  has  never  been 
thought  necessary  in  regard  to  other  forms  of  stored-up  energy, 
and,  it  being  the  fashionable  agent  for  power  distribution 
throughout  the  engineering  world,  its  development  is  one  of 
the  modern  wonders  of  engineering. 
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An  electric  installation  for  all  power  purposes  on  board  war- 
ships will,  on  account  of  the  education  of  the  engineers  or  other 
ofl&cers  in  charge,  receive  more  intelligent  care  and  more  skil- 
ful application  than  any  of  the  other  methods  which  we  have 
considered. 

While  this  advantage  is  not  inherent  in  the  system  itself,  it  is 
of  the  utmost  practical  importance  in  its  successful  application. 

The  transmitting  wires  of  the  electric  system  possess  a  flexi- 
bility which  cannot  be  claimed  for  the  pipes  of  the  other  systems. 
This  is  an  important  advantage  in  the  crowded  compartments  of 
a  M'arship. 

As  to  safety,  economy,  and  comfort,  we  may  now  consider 
these  in  comparison  with  other  systems. 

In  regard  to  safety :  We  might  safely  take  it  for  granted  that 
whatever  disturbance  would  fracture  the  pipes  of  an  air  or  water 
system  would  part  the  wires  of  an  electric  system.  In  that  case 
the  danger  to  life  and  also  to  the  ship  would  be  far  greater  with 
the  electric  system  than  with  the  others,  steam  excepted.  Auto- 
matic safeties  could  be  applied  to  almost  any  conceivable  extent 
against  such  accidents,  yet,  where  safety  devices  are  needed, 
the  system  cannot  be  so  safe  as  where  no  safety  devices  are 
needed. 

There  is  also  a  growing  fear  amongst  marine  engineers  that 
certain  materials  are  rapidly  destroyed  by  electric  action,  caused 
by  the  hull  of  the  vessel  becoming  magnetized  in  some  way,  the 
nature  of  which  is  not  yet  fully  understood.  It  is  claimed  that 
vessels  fitted  with  electric  generators  develop  rapid  deteriora- 
tion in  all  sea-water  pipe  connections.  Whether  sufficient  reli- 
able data  have  been  collected,  either  to  establish  or  refute  this 
claim,  is,  we  think,  doubtful.  It  is  a  question  which,  we  think, 
ought  to  be  most  fully  investigated.  At  present  it  is  simply  a 
matter  of  conjecture,  and  to  marine  engineers  a  matter  of  con- 
siderable uneasiness. 

As  to  economy  :  The  electric  generating  plant  has  been  devel- 
oped both  electrically  and  commercially  into  a  high  degree  of 
efficiency.  Direct-operated  generators  are  now  driven  by  engines 
of  the  very  highest  developed  type.  These  engines  are  so  per- 
fectly controlled  by  automatic  valve  governors  that  full  load  or 
no  load  may  be  the  condition  witliout  apparent  change  in  the 
working  of  the  steam  motor. 

The  generators  mav  be  so  divided  into  units  as  to  meet  the 
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conditions  of  work  at  any  time  without  iiuicli  of  the  steam-engine 
power  running  Avithont  load.  Lighting  and  power  can  be  taken 
from  tlie  same  instalhition,  tlius  effecting  a  saving  in  the  labor 
of  attendance.  There  is  no  doubt  that  the  economy  of  generat- 
ing the  power  electrically  will  be  better  than  with  either  water 
or  air,  owing  to  the  high  speed  of  the  engines  and  the  small 
amount  of  loss  in  the  generating  mechanism. 

In  regard  to  the  distribution,  the  losses,  by  careful  installa- 
tion, can  be  reduced  until  they  shall  at  least  not  exceed  th& 
losses  of  friction  in  either  air  or  water  pipes  of  the  other  meth- 
ods. Careful  designing  may  also  reduce  the  losses  in  converting 
the  electric  energy  into  mechanical  movements,  so  that  the 
economy  of  this  part  of  the  system  may  be  better  than  in  either 
air  or  water  motors. 

All  this  class  of  work  has  been  so  perfected  that  every  func- 
tion requiring  power  on  a  warship  can  be  performed  by  electric 
motors  without  involving  the  use  of  anything  except  well-known 
and  tried  mechanism. 

It  is  not  our  purpose  in  this  jjaper  to  give  the  details  of 
operating  motors  for  windlass,  winches,  capstan,  boat  cranes, 
steering  gears,  ventilating  fans,  ammunition  hoists,  gun-mount 
manipulating  gears,  etc.,  as  none  of  these  operations  involve  the 
use  of  any  electric  device  which  is  not  now  well  known. 

In  operating  large  turrets  where  the  mass  to  be  moved  and 
controlled  is  very  great,  and  on  a  continually  shifting  plane,  we 
believe  that  some  controlling  mechanism  of  a  special  character 
will  be  required  to  insure  successful  and  accurate  movements 
of  such  masses  on  a  moving  platform. 

For  this  purpose  Ave  liaA^e  introduced  a  hydraulic  control  de- 
vice, consisting  of  two  hydraulic  cylinders  (Fig.  54),  double-acting,, 
their  pistons  operated  by  a  double-throw  crank-shaft,  Avhich 
forms  one  of  the  transmitting  shafts  between  the  electric  motor 
and  the  fixed  rack  under  the  turret.  These  cylinders  are  charged 
with  Avatcr  or  oil.  Motion  of  the  turret  revolves  the  crank-shaft 
and  moves  the  pistons  in  the  cylinders.  The  fluid  must  pass 
from  one  side  to  the  other  to  permit  of  such  motion.  This  it 
does  through  passages  connecting  the  ends  of  the  cylinders. 
There  are  two  such  passages,  one  being  controlled  by  a  A^ah^e 
operated  from  the  sighting  station,  and  is  opened  as  the  current 
is  turned  on  to  the  motor.  The  other  is  controlled  ])y  a  spring- 
loaded  valve  and  gives  a  fixed  maximum  control.     This  is  neces- 
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sary,  as,  if  the  hand  control  were  closed  too  quickly,  the  momen- 
tum of  the  movin<jj  mass  would  break  the  mechanism. 

We  also  propose  to  avoid  great  waste  of  current  in  starting^ 
this  heavy  mass,  by  using  a  small  high-speed  motor  to  effect 
the  first  movement,  or  for  small  movements  of  the  turret.  If  it 
is  necessary  to  throw  the  current  into  the  main  motor,  a  certain 


Fig.  54. 


speed  is  reached  before  that  is  done ;  consequently  the  shock 
and  waste  of  current  are  avoided,  as  the  main  motor  would  only 
be  used  when  a  high  speed  of  train  was  required,  and  then  only 
after  the  inertia  of  the  mass  has  been  overcome.  In  making- 
these  movements,  the  small  motor  is  allowed  to  reach  its  load 
when  the  current  is  switched  into  the  main  motor.  The  current 
in  the  small  motor  also  excites  a  solenoid,  which  hy  proper 
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mechanism  couples  the  shaft  of  the  small  motor  with  the  pinion 
that,  through  a  gear  of,  say,  10  t()  1,  works  the  shaft  of  the  main 
motor ;  but  when  the  current  is  turned  into  the  main  motor, 
the  solenoid  is  ciit  out  and  the  clutch  withdrawn,  thus  leaving 
the  small  motor  at  rest. 

Fig.  55  is  a  sketch  of  a  small  portion  of  a  turret,  showing  the 
motors,  gearing,  and  hydraulic  control.  The  actual  economy 
which  would  result  from  such  a  method  of  operation  could  only 
be  determined  by  actual  experience.  But  we  feel  confident  that 
it  would  prove  to  be  in  advance  of  the  economy  possible  with 
either  air  or  water. 

One  other  reason  for  expecting  a  good  economical  result  from 
a  complete  electrical  power  transmission  lies  in  the  fact,  already 
mentioned,  that  this  system  would  receive  more  skilful  attention 
on  the  part  of  the  officers  in  charge  than  any  of  the  other  meth- 
ods mentioned.  The  whole  installation  would  be  more  attrac- 
tive to  the  educated  engineer.  It  is  the  fashionable  power  of 
the  day,  and  young  men  are  more  eager  to  give  their  attention 
to  this  than  to  any  other  form  of  generated  energy ;  and  if  any 
system  is  the  thing  desired  by  those  who  are  to  have  the  operat- 
ing of  it,  that  system  will  give  better  results,  will  be  more  care- 
fully nursed,  and  will  be  studied  in  all  its  details,  with  the 
object  of  improving  every  result  obtained.  This  is  natural,  and 
must  be  considered  in  connection  with  any  proposed  advance  in 
engineering  methods. 

Some  time  ago  we  were  fitting  the  Howden  system  of  forced 
combustion  to  a  vessel,  the  engineer  of  which  did  not  believe 
in  its  merits  ;  but  he  was  honest,  and  assured  us  that  he  would 
do  nothing  to  prevent  it  being  a  success.  It  was  necessary  to 
find  another  engineer  who  would  do  everything  he  could  to  help 
make  it  a  success  before  success  came.  So  the  fact  of  electric 
transmission  being  desired  by  so  many  engineers  is  one  point 
in  its  favor  which  will  secure  the  care  that  means  economy,  apart 
altogether  from  the  inherent  qualities  of  the  system  itself  as 
compared  with  others. 

In  regard  to  comfort  it  cannot  be  claimed  that  an  electric 
system  of  power  transmission  on  a  warship,  like  a  compressed- 
air  system,  can  be  made  the  means  of  increasing  the  comfort  of 
living  on  board.  On  this  point  it  should  rank  with  a  hydraulic 
system.  The  facility  with  which  electric  energy  can  be  con- 
verted into  rapid  rotary  motion  makes  ventilation,  wherever  that 
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power  is  distrrbxitcd,  a  very  simple  matter,  and  electric  faua, 
both  fixed  aud  portable,  especially  where  little  or  no  lieat  is 
generated,  would  siipply  pure  air  to  all  parts  needing  artificial 
ventilation. 

This  paper  does  not  aim  to  show  the  superiority  of  any  one 
system  over  another,  the  comparisons  made  being  simply  to 
show  that  there  is  no  mechanical  difficulty  in  operating  all  aux- 
iliaries by  any  one  of  the  systems  herein  mentioned,  and  to 
express  a  hope  that  our  government  would  either  adopt  some 
one  system  and  carry  it  out  completely,  developing  that  system 
to  its  utmost  efficiency,  or  else  take  one  or  two  similar  ships 
and  fit  them  with  power-transmission  systems  completely  repre- 
senting different  agents — say,  one  electric,  one  hydraulic,  and 
one  compressed  air.  Let  each  be  placed  for  three  years  in  the 
hands  of  officers  heartily  in  favor  of  the  system  in  use  on  their 
own  ship,  and  thereby  obtain  a  practical  demonstration  of  the 
very  best  points  in  each  system. 

While  we  have  hitherto  advocated  with  all  the  ability  we 
possess  a  complete  hydraulic  system,  our  experience  in  the 
practical  working  of  hydraulics  on  shipboard  has  not  been  of 
the  most  pleasant  character.  Officers  are  required  to  care  for 
and  get  the  best  out  of  a  hydraulic  system,  while  personally 
they  would  rather  sit  up  all  night  with  an  electric  plant  than 
spend  a  moment  more  than  the  law  requires  with  a  water 
motor. 

The  future  hopes  of  the  young  officer  are  centred  in  elec- 
tricity, and  he  devotes  himself  to  it  with  a  will ;  and  so  long  as 
that  condition  prevails,  the  electric  method  of  transmission  will 
have  the  best  chance  to  succeed,  because  with  that  it  has  a  flexi- 
bility and  a  general  adaptability  which  the  other  systems  do  not 
in  themselves  possess. 

If  what  we  have  written  here  will  draw  into  the  discussion  of 
the  subject  the  best  experience  in  each  of  the  systems  of  power 
transmission  on  warships,  it  will  accomplish  all  that  its  author 
expects  for  the  present. 

DISCUSSION. 

Mr.  Horace  B.  Gale. — Mr.  Dickie's  paper,  in  its  brief  and  clear 
statement  of  the  advantages  and  special  adaptabilities  of  the 
different  available  means  of  power  transmission  on  naval  ves- 
sels, presents  an  admirable  model  of  fairness  in  its  treatment, 
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,ind  cannot  fail  to  be  interesting  and  suggestive  to  mechanical 
engineers  in  every  branch  of  the  profession.  Our  attention  is  very 
properly  drawn  to  the  fact,  that  the  efficiency  to  be  considered 
in  a  system  of  power  transmission  for  a  warship  is  the  fighting 
efficiency,  and  in  the  selection  of  a  system  the  greatest  weight 
should  be  given  to  considerations  of  its  reliability  and  safety 
in  action. 

No  engineer  who  has  ever  threaded  his  way  through  the  maze 
of  machinery  constituting  the  interior  "  works  "  of  a  modern 
war  vessel  will  disagree  with  the  author's  desire  to  see  a  single 
comprehensive  system  of  power  transmission  substituted  for 
the  complex  variety  of  systems  generally  comprised  in  present 
equipments  ;  and  that  this  desideratum  can  be  attained  in  a 
practical  manner  is  made  clear  in  the  paper,  though  tlieie  are 
some  places  where  I  wish  the  author's  statements  were  less 
brief.  For  example,  he  says  :  "  In  regard  to  safety  :  We  might 
safely  take  it  for  granted  that  whatever  disturbance  would  frac- 
ture the  pipes  of  an  air  or  water  system  would  part  the  wires  of 
an  electric  system.  In  that  case  the  danger  to  life  and  also  to 
the  ship  would  be  far  greater  with  the  electric  system  than  with 
the  others,  steam  excepted." 

It  is  not  apparent  to  me  why  this  is  so. 

In  a  pipe  system  the  breakage  of  a  pipe  would  result  in  an 
immediate  escape  of  a  portion  of  the  confined  fluid,  which  might 
so  reduce  the  pressure  in  the  system  as  to  disable  temporarily 
the  apparatus  near  the  break.  A  break  in  an  electric  wire, 
however,  would  not  usually  have  any  similar  effect,  nor  cause 
any  reduction  of  pressure  on  the  system.  A  broken  wire,  also, 
can  be  more  easily  and  quickly  repaired  than  can  a  broken 
pipe. 

The  danger  of  fire  from  electric-power  wires  would  be  no 
greater  than  that  from  lighting  wires,  which  necessarily  run  to 
every  part  of  the  ship ;  indeed,  it  would  be  rather  less,  as  the 
power  wires  can  be  more  thoroughly  kept  out  of  contact  with 
combustible  material. 

♦  Moreover,  the  flexibility  and  cheapness  of  wire  connections 
make  it  easy  to  install  a  system  of  multiple  circuits,  suitably 
protected  by  fuses,  such  that  the  breakage  of  any  wire  or  pair 
of  wires  will  not  only  not  reduce  the  pressure  in  the  neighbor- 
hood of  the  break,  but  cannot,  even  for  an  instant,  interrupt  the 
service  in  any  part  of  the  vessel. 


254  TRANSMISSION   OF  POWER   ON  NAVAL   VESSELS. 

Consiclerinf]j,  therefore,  tlie  transmitting  apparatus  alone,  it 
appears  to  lue,  as  I  believe  it  will  appear  to  other  electrical 
engineers,  that  a  wire  system  can  be  designed  so  as  to  be  much 
safer  and  more  reliable  under  fighting  conditions  than  the  best 
pipe  system  can  be,  whether  the  fluid  conveyed  be  steam,  water, 
or  air. 

Mr.  IT.  IT.  Suplec. — While  Mr.  Dickie  does  not  especially 
advocate  any  form,  he  makes  some  remarks  on  page  246  about 
the  entire  safety  of  compressed  air  which  I  think  may  need  a 
little  modification.  That  is,  that  there  have  been  recently  a 
number  of  serious  explosions  of  air  comj)ressors  in  various 
places.  They  are  not  explosions  of  compressed  air,  but  jDracti- 
cally  explosions  of  gas.  In  other  words,  the  higher  pressures 
■which  are  being  used  with  compressed  air  cause  higher  tempera- 
tures, and  those  temperatures  volatilize  and  carbonize  lubricat- 
ing oil,  and  a  mixture  is  made  not  dissimilar  to  that  in  the  ex- 
plosion chamber  of  a  petroleum  engine.  Some  of  the  modern 
petroleum  engines  have  been  made  so  that  they  require  no  igni- 
tion except  that  of  the  heat  generated  by  the  compression. 
An  explosion  took  place  a  year  ago  in  Germany,  at  Dortmund, 
■where  a  part  of  the  compressor  -was  blown  entirely  over  a  tall 
building,  and  two  men  were  killed  and  serious  damage  done. 
The  valve  chambers  were  not  water-jacketed  as  the  rest  of  the 
cylinders  had  been.  An  examination  of  similar  machines  showed 
that  they  produced  a  high  enough  temperature  to  explode  a 
mixture  of  air  and  gas.  Such  explosions  might  be  very  serious 
on  shipboard.  So  it  is  not  entirely  fair  to  claim  that  the  air- 
compression  system  is  absolutely  safe. 
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TEST  OF  CENTRIFUGAL  PUMPS  AND  CALIBRATION 
OF  WEIR  AT  THE  BRIDGEPORT  PUMPING  STA- 
TION, CHICAGO,  ILL. 


BY    It.    C.   CARPENTER,    ITHACA,    N.    Y. 

(Member  of  the  Society.) 


The  test  described  iu  the  following  paper  was  conducted  by 
Messrs.  ."R.  W.  Hunt  &  Co.  for  tlie  city  of  Chicago  at  the  request 
of  Samuel  G.  ArtiugsLail,  City  Engineer,  in  July,  1893,  to  deter- 
mine the  efficiency  and  capacity  of  the  various  pumps  at  the 
Sewerage  Pumping  Station  at  Bridgeport,  Chicago.  The  writer, 
in  conjunction  with  Mr.  John  C.  McMynn,  of  Kobert  W.  Hunt 
&  Co.,  acted  as  engineer  of  tests,  and  together  with  Mr.  John 
Ericson,  Assistant  City  Engineer,  Mr.  D.  W.  Church,  and  a 
corps  of  engineers,  represented  the  city  of  Chicago.  The  con- 
tractor for  the  "Undulating"  pumps  was  represented  by  Mr. 
Bernard  Fiend  and  Mr.  Davis. 

Descr'qiiion  of  Plant.— The  plant  was  constructed  for  the  pur- 
pose of  delivering  a  sufficient  amount  of  water  from  Chicago 
Kiver  into  the  Illinois  and  Michigan  Canal  to  induce  a  current 
to  flow  from  Lake  Michigan  toward  the  pumping  station  and 
into  the  Illinois  and  Michigan  Canal,  so  as  to  prevent  the  dis- 
charge of  sewerage  into  Lake  Michigan.  The  Illinois  and 
Michigan  Canal  connects  Lake  Michigan  with  a  tributary  of  the 
Mississippi  and  descends  to  the  level  of  Chicago  Kiver  by  a  lock 
which  has  a  lift  of  about  eight  feet  in  times  of  low  water  and 
three  to  five  feet  in  times  of  high  water.  The  pumps  at  the 
pumping  station  are  required  to  raise  the  water  from  Chicago 
Eiver  sufficiently  high  to  be  discharged  into  the  canal.  The 
accompanying  map  (Fig.  56)  shows  the  point  of  junction  of  the 
Illinois  and  Michigan  Canal  and  Chicago  Eiver.  It  also  shows 
the    position    of    the    Bridgeport    pumping    station,    which    is 

*  Presented  at  the  New  York  meeting  (November,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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located  on  a  new  canal,  or  feeder,  of  which  two  sections  are 
shown  at  A.B.  and  C.lK  respectively;  this  latter  discharges 
into  the  Illinois  and  Michigan  Canal  about  400  feet  from  the 
lock.  The  Chicago  Itiver  is  virtually  an  open  and  navigable 
sewer  and  the  material  pumped  at  the  Bridgeport  station  is 
sewage  diluted  by  the  inBow  of  water  from  Lake  Michigan. 
This  matter  contains  considerable  floating  debris  of  an  organic 
nature,  is  very  darkly  colored,  and  of  an  unsavory  odor.  Gas  of 
a  sulphurous  nature  is  emitted,  sufficient  in  amount  to  blacken 
silver  watches,  when  carried  in  the  pocket  of  the  observers  work- 
ing at  the  station-house,  in  a  few  hours.  Sounding  rods  painted 
with  white  lead  were  turned  instantly  and  permanently  black 


Plan  of 
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by  a  single  immersion  in  the  stream.  The  engineers  working  at 
the  station  did  not,  however,  consider  the  location  unhealthy, 
and  the  canal,  back  of  the  station,  was  a  favorite  bathing  resort 
for  all  the  boys  in  the  vicinity.  In  the  south  fork  of  the 
Chicago  Piiver,  which  is  unaffected  to  a  great  extent  by  the 
current  caused  by  the  pumps,  dead  horses  and  other  animals 
were  frequently  seen  floating  on  the  surface  of  the  river. 

The  machinery  of  the  pumping  station  was  built  by  the 
Quintard  Iron  Works  of  New  York  City,  and  was  installed  in 
1884.  It  consisted  of  four  cross-compound  engines  of  the  ver- 
tical type,  with  Meyer  cut-off  valves,  each  of  which  was  directly 
connected  by  means  of  a  long  connecting  rod  to  two  centrifugal 
pumps.     The  dimensions  of  each  engine  were  as  follows  : 
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Diameter  of  higli-pressure  cylinder,  18  inch.s. 

"  low-press^ure  "  34     " 

Length  of  stroke,  ''4 

Diameter  of  piston  rod,  h.gh-presHure  cylinder,  2Hnclies. 
"         "  tail  rod,         "  '"  "  -^'tf 

"         "  piston  rod,  low-pressure  cylinder,      2[g 

<  II  O    'i.  " 

"         "  tail  rod,  "  '-^'••f 

The  en-iues  were  desigued  to  run  at  100  revolutions  per 
minute  ami  to  develop  400  indicated  horse-power  with  90 
pounds  steam  pressure.  The  total  capacity  of  the  station  was 
intended  by  the  designers  to  be  G4,0()0  cubic  feet  of  water 
delivered  per  minute  against  a  head  of  six  feet. 

The  wheel  of  each  centrifugal  pump  was  five  feet  seven  inches 
in  diameter  and  had  four  vanes  or  blades,  each  being  three  feet 
four  inches  in  length  measured  parallel  to  the  axis.  The  suction 
inlet  to  the  pump  was  a  round  tube  four  feet  in  diameter,  con- 
nected to  a  square  tube  four  by  four  feet  on  the  mside,  con- 
taining a  gate.  na  •     i.  i. 

The  capacity  of  the  centrifugal  pumps  not  being  sufficient  to 
keep  the  Chicago  Kiver  in  the  required  condition  of  salubrity, 
an  attempt  was  made  to  increase  the  capacity  of  the  pumping 
station,  and  with  this  object   in   view  a  contract   was    let   tor 
removing  the  centrifugal  pumps  and  substituting  "  Undulating 
or  Courtright  pumps,  the  construction  of  which  will  be  described 
later,  and  regarding  which  the  contractor  guaranteed  that,  with 
the  expenditure  of  the  same  amount  of  power  and  with  the  use 
of  the  same  engines,  the  volume  of  water  delivered  by  each 
engine  would  be  25,000  cubic  feet  per  minute  against  a  heacl  o 
six  feet,  which  would  be  an  increase  in  capacity  of  about  J,OU( 
cubic  feet,  or  56  per  cent,   for  each   engine.      Two   cen  rifugal 
pumps,  both   of  which  were   attached   to   engine   No.    1     were 
removed  during  the  winter  of  1892  and  1893  and  two  'Undu- 
lating" pumps    were    substituted.     The   remaining    centrifugal 
pumps  were  kept  in  position  until  the  "Undulating      pumps 
had  proved  by  experiment  and  use  to  be  as  represented. 

The  "Undulating"  pump  is  shown  m  elevation  m  ±ig.  oi, 
^•ith  working  parts  shown  by  dotted  lines,  and  is  seen  to  consist 
of  three  rectangular  pistons  which  are  so  constructed  as  to  have 
partlv  a  rectilinear  and  partly  an  oscillatory  motion,  ins 
peculiar  motion  was  produced  by  connecting  each  rectangu  ar 
piston  to  a  revolving  crank  by  a  perpendicular  arm  and  also 


17 


258      TEST  OF  CENTRIFUGAL   PUMPS   AND   CALIBRATION  OF  \VEIR. 


TEST   OF  CENTRIFUGAL   PUMPS  AND   CALIBRATION   OF   WEIR.      259 

joining  it  with  a  pivoted  connection  to  a  sliding  cross-head, 
arranged  to  move  perpendicularly  across  the  case. 

The  cranks  to  which  the  pistons  are  connected  are  joined  by- 
connecting  rods  and  set  at  angles  of  120  degrees  to  each  other, 
which  causes  the  reciprocating  and  tilting  movements  of  the 
pistons  to  take  place  alternately,  producing  a  wavelike  motion, 
the  effect  of  which  is  to  propel  forward,  with  considerable 
force,  any  water  which  may  enter  the  pump.  The  puipp  is  dou- 
ble-acting and  delivers  water  both  on  the  down  and  up  strokes 
of  the  pistons,  and,  except  for  the  leakage  which  takes  place 
between  the  pistons  and  the  sides  of  the  case  and  under  the 
ends  of  the  piston,  is  positive  in  its  action.  It  had  no  valves 
in  the  in-take  or  in  the  discharge  pipe.  Power  for  driving  the 
pump  was  obtained  by  a  geared  connection  to  the  main  shaft  of 
engine  No.*  1,  the  gearing  being  so  proportioned  that  100 
revolutions  of  the  engine  would  drive  the  pump  shafts  at  a 
speed  of  80  revolutions.  The  case  of  the  pump  was  set  at  an 
inclination  of  about  18  degrees  to  the  horizontal  and  sufficiently 
low  to  be  entirely  submerged  at  its  lower  end.  The  dimensions 
of  each  "  Undulating  "  pump  were  as  follows  : 

Rectangular  section  of  cast  iron  case,  4  feet  3^  inches  x  2 
feet  8^  inches  high. 

Length  of  case,  2-4  feet.     Built  of  (3)  sections. 

Piston,  dimensions  in  horizontal  section,  S  feet  f  inch  x  4  feet 
3  inches. 

Distance  from  crank  centre  to  guide  centre  on  piston,  2  feet 
6  inches. 

Throw  of  crank,  8  inches. 

Length  of  stroke,  16  inches. 

Clearance  outside  of  pistons,  and  at  end  of  stroke,  fV  inch. 

Area  of  leakage  space — 

Sides  of  pistons,  48  feet  x  ,%  inch 1 .25  square  feet. 

Top  and  bottom  of  case,  13  feet  10|  inches  x  ,%  inch  . .  .   .36       "         " 
End  of  paddles,  8  feet  G  inches  x  f  inch  (average) 25       "         " 

Total 1.86       " 

Area  of  clearance  space  on  sides  of  case 3.72       "         " 

Capacity  of  single  pump  calculated  from  piston  displacement 
when  in  horizontal  position  and  without  allowance  for  leakage 
or  slip — 
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Per  stroke 9o.28  cubic  feet. 

Per  revolution   190.56      "         " 

Per  80  revolutions  (one  minute),  rated  cajmcity 15,245.6        "         " 

Per  41.4         "  '•  "  actual  speed 7,889.2 

Calculated  leakage  througli  clearance  space  under  a  Lead  of  4 
feet,  80  strokes  i^er  minute,  pump  at  rest — 

*  Q  =  0.81  ^2gh  =  0.81  x  8.03  x  2. 

Leakage' per  second  through  1  square  foot l;i009  cubic  feet. 

Leakage  per  minute  througli  1  square  foot 780.54       "         " 

Leakage  per  minute  through  3.72  cubic  feet 2,903.6         "         " 

Capacity  of  1  pump,  80  revolutions,  le.'ss  calculated 

leakage 12,342  "         " 

Capacity  of  2  pumps,  80  revolutions,  less  calculated 

leakage 24,684  "        " 

Allowance  for  leakage  and  slip  in  capacity  estimate  from 

displacement  above  rated  capacity 21.9  per  cent. 

Calculated  leakage,  compared  v.-itli  estimated  capacity  .  . .  .23.9         " 
Capacity  calculated  by  displacement,  2  "Undulating" 

pumps,  at  41.4  revolutions  per  minute 15,778.4  cubic  feet. 

Ditto,  corrected  by  leakage  as  above 12,874.8       "         " 

Actual  water  delivered  per  minute  by  trial, 41. 4  revs.10,470  "         " 

f  Additional  loss  due  to  slip 15.2  per  cent. 

Loss  due  to  slip  and  leakage 33.7     "      " 

Inlet  tube — 

Top  of  tube  below  surface  of  water  on  inlet  side,  3  feet  llf 

inches 3.967  feet. 

Water  above  datum 0.93      " 

Tube  below  datum 3.037    " 

Area  of  tube,  4x4  feet 16  square  feet. 

Depth  of  water  to  centre  of  entrance  tube 6  feet  1  inch. 

Calculated  supply  of  water  to  each  inlet  tube  on  supposition 
that  pump  cannot  raise  water  by  suction — 

*  Q  -  .81  (area)  ^2sh  =  .81  x  16  x  8.03  ^h  =  253.7  ^'1  cubic  feet  per  sec. 
When  depth  h  =  Q  feet,  Q  =  16,610  cubic  feet  per  minute. 
When      "      A  =  5      "    Q  =  13,150     "         "      " 
When      "      h  =  4:      "    Q  =  12,450     "        "      " 
When      "      A  =  3      "     Q  =  11,780     "         "      " 

*  This  coefficient  is  taken  from  experiments  of  AVeisbach.  See  Mechanics  of 
Engineering,  vol.  i.,  page  854',  for  flow  of  water  through  short  cylindrical  tubes 
with  complete  contraction. 

f  This  is  the  percentage  which  the  actual  capacity,  by  trial,  fell  short  of  the 
calculated  capacity  less  the  calculated  leakage. 


TEST   or   CENTRIFUGAL  PUMPS   A^^)   CALIBRATION   OF   WEIR.      261 


METHODS    OF   TESTING. 

lu  order  to  test  the  capacity  of  the  pumps  and  also  to  afford 
a  Avorkiug  pressure  in  accordance  witli  contract  specifications, 
it  was  deemed  necessary  to  build  a  weir.  This  weir  was  con- 
structed at  a  distance  of  634  feet  below  the  engine-house  by 
driving  three  rows  of  large  piles  across  the  channel  at  right 
angles  to  the  stream,  fastening  waling  pieces  to  the  middle  row 
and  driving  Wakefield  sheet  piling  of  two-inch  planks,  so  as  to 
form  a  tight  dam  completely  across  the  channel.  A  rectangular 
notch  was  then  cut  in  the  sheet  piling ;  the  bottom  was  made 
truly  horizontal  and  about  3}  feet  below  the  top  of  the  sheet 
piling.  The  down-stream  side  of  the  bottom  and  vertical  edges 
of  the  notch  were  then  bevelled  to  a  thickness  of  about  one-half 
inch  and  shod  with  an  iron  plate  projecting  beyond  the  wood,  so 
as  to  give  a  free  overfall.  The  plate  was  placed  truly  hori- 
zontally at  the  crest  of  the  weir  and  vertically  at  the  side.  The 
elevation  of  the  weir  crest  was  then  5.266  feet  above  the  Chicago 
city  datum ;  the  length  of  the  weir  on  the  crest,  29.87  feet ; 
depth  of  water  back  of  weir  crest,  8.66  feet ;  width  of  canal  at 
level  of  crest,  59  feet.  The  piles  in  the  row  above  the  weir 
were  cut  down  to  4r  feet  below  the  level  of  the  crest,  except 
near  the  shore,  and  those  on  the  lower  side  were  cut  down  a 
sufficient  amount  to  permit  free  discharge  of  the  overfall.  The 
middle  row  of  piles  was  then  braced  to  the  upper  row  near  the 
shore,  and  to  the  lower  row  the  entire  distance  across.  An 
apron,  built  of  plank,  was  placed  on  the  lower  side,  aboiit  four 
feet  below  the  crest  of  the  weir,  to  receive  the  overfall  and 
prevent  scouring  b}'  the  force  of  the  current. 

A  hook  gauge  with  its  zero  set  level  with  the  crest  of  the  weir 
was  j)laced  on  the  right  bank,  in  a  box  three  feet  by  three  feet, 
made  of  two-inch  plank,  sunk  in  the  earth  near  the  shore.  A 
two-inch  iron  pipe  extended  out  into  the  stream  from  near  the 
bottom  of  the  box,  and  admitted  the  water  freely  and  maintained 
the  same  level  in  the  box  as  existed  in  the  canal,  as  was  proved 
by  repeated  trials.  The  hook  gauge  was  located  about  forty 
feet  distant  from  the  weir.  During  the  test  the  hook  gauge 
was  read  every  five  minutes  by  duplicate  observers. 

Since  the  writer  Avas  not  able  to  find  records  of  any  calibration 
of  a  weir  notch  of  the  size  of  the  one  constructed  for  this  test, 
and,  furthermore,  since  the  conditions  of  its  use  were  somewhat 
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different  from  those  of  which  records  were  to  bo  had,  it  was 
deemed  advisable  and  necessary  to  obtain  the  coefficients  of  dis- 
charge by  a  special  calibration.  This  weir  was  constructed 
across  a  runninpj  stream,  and  the  length  of  its  notch  was  nearly 
equal  to  the  width  of  the  original,  undammed  stream  (see  Fig. 
58).  The  bottom  contraction  of  the  weir  in  question  was  perfect, 
the  end  contraction  decidedly  imperfect.  From  its  peculiar  posi- 
tion and  dimensions,  it  was  suspected  that  it  might  be  affected 
to  some  considerable  extent  by  the  bottom  and  sides  of  the 
stream  acting  as  guides  for  the  water  and  in  such  a  manner 
as  to  increase  the  coefficient  of  discharge  as  compared  with 
that  of  a  weir  situated  on  the  side  of  a  basin,  or  reservoir 
of  great  area.  As  weirs  of  this  character,  although  seldom 
calibrated,  have  frequently  to  be  constructed  in  order  to  measure 
the  discharge  from  large  pumping  engines  and  also  the  amount 


Cupentt 


Wall  Area  below  Xevel 
of  Notch  298  Sq.  Ft. 


Section  of  Weir  Notch 
Fig.  58. 


of  water  flowing  in  small  streams,  the  calibration  is,  no  doubt, 
a  matter  of  somewhat  general  interest. 

The  weir  used  in  the  test  was  located  at  a  distance  of  634  feet 
from  the  engine-house,  and  the  basin  between  the  weir  and 
engine-house  was  of  considerable  extent.  The  writer  decided 
that,  by  making  an  accurate  survey  of  this  basin  and  determin- 
ing the  cubic  contents  for  each  tenth  of  a  foot  above  the  crest  of 
the  weir,  it  would  be  possible,  by  noting  the  time  required  for 
the  water  to  fall  a  given  distance,  to  compute  the  coefficient  of 
discharge.  Such  a  survey  was  made  by  a  party  of  engineers  in 
the  charge  of  Mr.  D.  W.  Church,  C.E.,  and  the  results  were 
later  checked  by  an  entirely  independent  survey,  so  that  all 
probable  errors  from  this  source  were  eliminated.  The  compu- 
tations of  volumes  resulting  from  this  survey  are  given  in  column 
2,  Table  2.  At  a  convenient  time,  the  basin  above  the  Aveir 
was  filled,  by  operating  all  the  pumps,  to  a  height  somewhat 
greater  than  2.0  feet  above  the  crest.     The  pumps  were  then  all 
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stopped,  the  inlet  gates  were  closed,  and  observations  of  the 
hook-gauge  readings  were  taken  at  intervals  of  thirty  seconds 
during  the  entire  time  the  surface  of  the  water  was  falling  to  the 
level  of  the  crest  of  the  weir ;  it  was  also  continued  some  time 
after  the  water  reached  the  level  of  the  crest  in  order  to  deter- 
mine the  leakage  loss.  This  test  was  repeated  to  insure  accu- 
racy, the  observation  log  being  given  in  the  table,  page  266,  and 
the  average  results  in  table  No.  3 ;  they  are  also  shown  on  the 
diagram,  Fig,  59.  The  observations  indicated  a  very  small  loss 
by  leakage,  as  it  required  one  hour  and  three  minutes  for  the 
water  to  fall  0.073  foot  below  the  level  of  the  crest.  On  the 
supposition  that  the  leakage  is  in  proportion  to  the  square  root 
of  the  depth  of  the  water,  wo  have  the  following  as  the  amount 
of  leakage  for  various  heads  : 


li  on  crest. 

Leakage  per  minute,  cubic  feet. 

0. 

51.5. 

0.5 

52.7 

1.0 

54.5 

1.5 

55.5 

2.0 

57.0 

Mr.  John  Ericson,*  Asst.  City  Engineer  of  Chicago,  considered, 
from  a  study  of  the  observations,  that  the  leakage  varied  from 
50  to  53  cubic  feet  per  minute  as  the  head  varied  from  zero  to 
two  feet  above  the  crest.  As  there  were  more  than  10,000  feet  of 
water  flowing  over  the  weir  per  minute  during  the  entire  test,  his 
estimate  and  the  one  above  differ  by  an  exceedingly  small  frac- 
tion. The  princijjal  calculations  were  made  Avitli  the  allowance 
for  leakage  adopted  by  Mr.  Ericson,  and  it  has  not  been  con- 
sidered necessary  to  revise  this  computation,  since  the  greatest 
error  from  this  source  cannot  exceed  one  three-hundredth  part 
of  one  per  cent.,  which  is  many  times  less  than  the  least  error 
of  observation. 

METHODS   OF   COMPUTING   COEFFICIENT   OF  DISCHARGE. 

The  observations  taken  as  explained  gave  the  volume  of 
water  discharged  for  certain  ranges  of  head  at  intervals  of 
half-minutes  of  time.  Graphical  diagrams  were  constructed 
from  which  the  approximate  coefficients  of  discharge  were  ob- 
tained ;  the  coefficients  were  also  computed  by  reducing  the 
ordinary  formulae  for  discharge  to  a  series  of  terms  and  making 
an  approximate  integration  by  Simpson's  rule  after  successively 
*  City  Engineer,  1897  and  1898. 
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substituting  the  various  values.  This  latter  work  was  per- 
formed by  Mr.  D.  W.  Church  and  engineers  in  charge  of  Mr. 
John  Ericson,  who  extended  the  series  from  which  the  compu- 
tation was  made  so  far  that  the  numerical  results  of  computa- 
tion were  in  error  less  than  0.02  per  cent.;  i.e.,  were  carried  tvv'o 
places  beyond  the  probable  limit  of  error  of  observation.  All 
computations  were  carefully  checked  to  prevent  error.  The  re- 
sults only  are  given  in  the  following  tables.  The  method  of 
computing  was  as  follows :  Francis'  formula  for  discharge  over 
a  weir  was  used  without  correction  for  velocity  of  approach  for 
heads  less  than  one  foot  and  with  correction  for  velocity  of 
approach  for  heads  greater  than  one  foot.  As  will  be  perceived 
later,  this  latter  correction  was  in  all  cases  exceedingly  small. 
The  formula  used  was  as  follows  for  cases  where  no  velocity  of 
approach  is  considered : 

Q  =  c{h- 0.211)  m, 

and  for  cases  where  velocity  of  approach  is  considered, 

q^cAh-  Q.2H)  {{II  +  h)i  -  h--]  ; 

and  in  which  Q  equals  discharge  in  cubic  feet  per  second,  h 
equals  length  of  weir,  equals  29.875  feet,  II  equals  hook-gauge 
reading,  h  equals  head  due  to  velocity  at  a  point  where  //  was 
measured,  c  equals  coefficient  whose  value  is  sought. 

In  the  above  formula,  let  V  equal  total  discharge  in  time  t, 
then  will 

V=Qt,   . 
from  which 

dV  --=  Qdt  =  c{b-  0.2H)  mdt 

for  cases  with  no  velocity  of  discharge, 

dV=  Qdt  =  e  (h  -  0.2 77)  [{H  +  A/  -  A?]  dt 

for  cases  with  velocity  of  discharge. 

In  order  to  abbreviate  the  computation,  substitute  y  for  the 
quantity  (b  -  0.2fl^)  H^-  or  for  {b  -  0.2 H )  [{E  +  hf  -  h^]. 
Then  will  we  have 

dV  =  cydt ; 
from  which 

cdt  =  — , 

y 

J  y 
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The  latter  expression  is  not  an  exact  integral,  and  cannot  be 
integrated  by  ordinary  methods.  Its  valne  between  any  given 
limits  is  an  area  of  -which  the  abscissa  are  the  different  values  of 

rfFand  the  ordinates  are  the  corresponding  values  of    , 

B}'  assigning  certain  values  to  dF,  ior  instance  ,\,  T^,  which 
corresponds  to  certain  limiting  values  of  //,  a  corresponding 
value  of  y  can  be  computed  from  the  observations.  From  these 
results  a  series  may  be  formed  by  Simpson's  rule,  which  may 
be  extended  to  any  number  of  terms,  of  which  the  integration 
may  be  approximated  with  an  accuracy  which  depends  upon 
the  number  of  terms,  the  resulting  series  being  as  follows ; 

^       ffZ  F       F  / 1       1  \       ^  / 1       1        1       1\ 

}  y      10  Vw      y  /        \ys     y-o     y-.     2/./ 


•^3 

y-r> 

^T 

2/9 

/ 

+ 

<- 

+ 

1 

?/4 

+ 

1 

2/6 

+ 

1 

2/8 

+ 

1' 

2/10' 

+ 


The  results  of  the  various  calculations,  extended  to   three 
decimal  places,  are  given  in  the  tables  No.  3  and  No.  4. 
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Log  of  Observ.vtions  of  Fall  of  Water  above  Weir. — Pcmps 


XOT    R CNN' INC. 


Test  fob 

Leakaob. 

Elevation 

Time  P.M. 

*  Hook  Gauge. 

Time  P.M. 

*  Hook  Gauge. 

Time  P.M. 

Surface  below 
Gauge. 

2.40 

1.884 

3.12.5 

1.913 

1.00 

0.012 

2.40.5 

3.13 

1.757 

1.01 

0.008 

2.41 

1.574 

3.13.5 

1.630 

1.05 

0.009 

2.41.5 

3.14 

1.492 

Weir  stopped  flowing 

2.42 

1.315 

3.14.5 

1.3.57 

1.07 

0.012 

2.42.5 

1.194 

3.15 

1.264 

1.12 

0.024 

2.43 

1.120 

3.15.5 

1.166 

1.31 

0.044 

2.43.5 

1.016 

3.16 

1.0G8 

1.42 

0.060 

2.44 

3.16.5 

1.002 

1.53 

0.068 

2.44.5 

0.902 

3.17 

0.936 

1.55 

0.070 

2.45 

3.17.5 

0.864 

2.00 

0.077 

2.45.5 

0.804 

3.18 

0.816 

2.10 

0.085 

2.46 

3.18.5 

0.770 

Fell     0.073 
ft.inlhr. 
3  rains. 

2.46.5 

3.19 

0.714 

2.47 

0.662 

3.19.5 

0.675 

2.47.5 

0.625 

3.20 

0.644 

2.48 

0.585 

3.20.5 

0.600 

2.48.5 

0.560 

3.21 

0.567 

2.49 

0.532 

3.21.5 

0.54.5 

2.49.5 

0.500 

3.22 

0.512 

2.50 

0.478 

3.22.5 

0.487 

2.50.5 

0.454 

3.23 

2.51 

0.430 

3.23.5 

0.442 

2.51.5 

0.410 

3.24 

0.415 

2..52 

0.395 

3.24.5 

0.403 

2.52.5 

0.377 

3.25 

0.383 

2.53 

0.3.55 

3.25.5 

0.360 

2.53.5 

0.344 

3.26 

0.346 

2.54 

0.330 

3.26.5 

0.335 

2.54.5 

0.311 

3.27 

0.317 

2.55 

0.300 

3.27.5 

0.303 

2..55.5 

0.290 

3.28 

0.294 

2.. 56 

0.274 

2.  .56. 5 

0.2.55 

Note.— Bv  first  observations,  time  of  fall  from  l.aS4  to  0.3  ft.,  fifteen  minutes.  By  second  ob- 
servations, time  of  fall  from  1.913  to  0..303  ft.,  fifteen  minutes.  Intermediate  observations  in  sec- 
ond set  taken  witli  great  care. 

*  0  of  hook  gauge  at  level  of  crest  of  weir. 


The  coefficients  as  calculated  separately  for  heads  varying  by 
0.1  of  a  foot  from  a  depth  of  2  feet  to  a  depth  of  0.25  foot  yary 
within  the  limits  3.43  and  3.7,  which  yariation  can  no  douht  be 
explained  by  irregularities  in  reading  the  hook  gauge  at  the  inter- 
yals  of  time  which  elapsed  while  the  water  was  falling  and  also 
in  slight  errors  in  determining  the  time  intervals.     Regarding 
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the  limits  of  error  in  tlie  observation,  it  may  be  said,  fii-stly, 
that  the  errors  in  measuring  the  volumes  used  in  the  calculations 
^^ere  necessarily  very  small.  In  the  hook-gauge  readings  which 
were  made  as  the  water  was  falling,  it  -  ^^-^^%P7^^^^^,^^^ 
intermediate  readings  taken  between  a  head  of  2  feet  and  1  foot 
may  in  some  cases  be  as  much  as  0.02  foot  m  error  owing  to  the 
rapidity  of  the  fall  between  those  stages  and  the  consequent 


,,        u         ,         8        9        10       11       1'-'       13 

Hook  Gauge  and  Time  Readings 
Takea  while  Basin  above  Weir  was  Emptying. 

Fig.  59. 
difficulty  of  having  the  point  of  the  hook  at  the  surface  of  the 
water  when  time  was  called  at  the  half-minute  or  mmute, 
although  warning  was  given  ten  seconds  before  time  was  called 
The  actual  log  of  observations  plotted  with  reference  to  time  and 
head  is  given  in  Fig.  59,  and  it  is  seen  that  the  results  produce  a 
yerv  smooth  curve,  slight  variations  at  certain  intervals  aflect- 
in-'  only  the  single  observation.  The  probable  error  in  time 
interval  for  the  entire  reading  does  not  exceed  five  seconds. 
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The  coefficients,  computed  from  the  separate  observations, 
are  reduced  by  drawiug  a  smooth  curve  througli  tlie  calcuLated 
results  to  what  are  believed  to  be  probable  and  average  values, 
free,  to  a  great  extent,  from  accidental  errors  of  observations. 
These  results  are  given  in  Table  4. 

MEASUREMENT   OP   LISCHARGE   WITH   ROD   FLOATS. 

During  the  entire  time  of  the  test  rod  floats  Mere  run  at  dis- 
tances about  four  feet  apart,  measured  across  the  channel.  The 
course  of  these  floats  were  accurately  noted  by  an  observer  on 
the  shore  with  a  transit,  and  the  observations  were  reduced  by 
use  of  Francis'  formula  with  the  greatest  care  by  engineers  in 
charge  of  Mr.  D.  W.  Church. 
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Fig.  60. 


The  formula  for  mean  velocity  is  as  follows 


r,,  -  F,  (1.OII6  -  0.116  /^^-^), 


in  which 


Yr  ~  observed  velocity,     d  —  depth. 

T  „j  =  mean  velocity.  /=  immersion  of  rod. 

On  a  diagram  of  the  cross  section  of  the  canal  the  mean  ve- 
locity and  discharge,  as  computed  for  each  observation,  were 
plotted  to  a  suitable  scale.  The  integration  of  the  curve  drawn 
through  the  points  thus  obtained  gave  the  total  discharge  corre- 
sponding to  the  observation.  This  method  is  illustrated  in  Fig.  60. 

The  results  as  calculated  by  the  formula  for  the  discharge. 
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using  rod  floats,  were  2.7  per  cent,  less  than  tliat  obtained  witli 
the  coeflncient  of  the  calibration. 

The  results  of  the  observations  with  the  rod  floats  are  given 
in  Tables  1  and  2. 

EFFICIENCIES   OF   THE   PUMPING   MACHINERY, 

The  amount  of  water  pumiDed  and  the  efficiency  of  the  dif- 
ferent pumps  used  at  the  station  are  given  in  the  following  table. 
The  tests  which  were  made  show  the  indicated  horse-power  for 
each    engine,   corresponding   to   different   delivery   heads   and 
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different  volumes  of  water  discharged.  The  work  of  raising  the 
water  against  the  head  for  the  stated  conditions  was  computed, 
from  which  the  efficiency  of  the  entire  plant,  including  both 
engine  and  pump,  was  calculated.  The  friction  of  the  engine 
could  not  be  determined  under  the  conditions  existing  at  the 
time  the  test  was  made,  so  that  the  efficiency  of  the  pump  alone 
could  not  be  computed  without  a  hypothetical  allowance  for 
friction.  On  the  supposition  that  the  engine  friction  is  10  per 
cent,  of  the  indicated  horse-])ower,  an  amount  which  is  known 
to  be  very  little  in  error,  a  table  of  probable  efficiency  of  the 
pumps  independent  of  the  engine  was  computed  and  is  given. 
The  curves  of  efficiency  and  ca2:)acity  of  the  pumps  operated  by 
engine  No.  2  are  shown  in  the  accompanying  diagram  (Fig.  61). 
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Table  of  Efficiencies  of  Pdmping  Machinery. 


n 

1    ^ 

o    . 

*-  to 

•5| 

0  §2 

1 

Kind  of  Pump. 

1^ 

P    -S 

s; «  a 

1 

Uiidulatin','-  .... 

"270.7 

4*1.4 

1.405 

5.645 

10,538 

112.9 

41.7 

2 

2 

Centrifugal  .... 

412.2 

100.8 

1.925 

6.108 

15,680 

182.1 

44.2 

3 

2 

240.  G 

86.4 

1.523 

5.80 

11,898 

131.3 

54.5 

4 

2 

136.1 

70.02 

1.064 

5.18 

6,764 

66.8 

49.1 

5 

2 

72.1 

56.01 

0.320 

4.41 

1,421 

11.9 

16.5 

6 

3 

344.6 

99.7 

1.824 

5.98 

14,969 

170.8 

51.2 

7 

3 

208.9 

84.4 

1.416 

5.62    • 

10.606 

113.5 

54.3 

8 

4 

i.'12.9 

82.4 

1.322 

5.37 

9,440 

96.0 

45.3 

No.  of 

Test. 

No.  of 
Engine. 

Probable 

Work  of 

Probable 

Kind  of  Pump. 

Delivered 

Pumping 

Efficiency  of 

c 

Horse-power. 

Horse-power. 

Pump. 

1 

1 

Undulating 

243 

112.9 

45.4 

2 

2 

Centrifugal 

371 

182.1 

49.1 

3 

2 

216.5 

131.3 

61.1 

4 

2 

122.5 

66.8 

54.4 

5 

2 

64.9 

11.9 

18.4 

6 

3 

310.2 

170.8 

5&.2 

7 

3 

188 

113.5 

60.0 

8 

4 

192 

96.0 

50.0 

FORMULA   FOR   DISCHARGE   THROUGH   WEIRS. 

In  connection  with  various  computations  made  for  discharge 
over  the  weir  numerous  authorities  were  consulted,  and  an 
abstract  of  the  various  formulae  and  coefficients  relating  to  sim- 
ilar cases  are  appended  for  convenience  of  reference. 

The  formula  ordinarily  employed  for  computing  the  discharge 
of  water  through  a  rectangular  weir,  in  case  there  is  no  velocity 
of  approach  at  the  point  where  the  hook  gauge  is  located,  is  as 
follows 

Q  =  c  '  \^g  .  im  =  c  •  i(8.025)bH^  =  5.S5cbHi,     (1) 

in  which  Q  equals  the  quantity  discharged  in  cubic  feet  per 
second,  h  is  the  length  of  the  weir,  H  the  height  or  head  of  water 
flowing  over  the  weir  (corresponding  in  the  following  experiments 
to  the  hook-gauge  reading),  c  the  coefficient  of  discharge. 

The  value  of  r,  the  coefficient  of  discharge,  varies  with  the 
length  of  the  weir  and  with  the  depth  of  water  flowing  over  the 
crest :  it  is  less  for  short  weirs  than  for  long  ones,  and  is  greater 
for  low  heads  than  for  high  heads.     The  following  table,  copied 
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from  Merriman's  Hydrazdics,  gives  the  values  of  the  coefficient 
of  discharge,  c,  as  deduced  by  Hamilton  Smith,  Jr.,  from  experi- 
ments b}'  Lesbros,  Francis,  Fteley,  and  Stearns.  The  table  of 
coefficients  for  weirs  with  end  contractions  shows  a  variation, 
from  the  highest  heads  on  the  shortest  weirs  to  the  lowest  heads 
on  the  longest  weirs,  from  0.587  to  0.65G,  and  without  end  con- 
tractions from  0.652  to  0.623. 


Coefficient  fou  Contracted  Wetus. 


Effec- 

Length of  Weir  in  Feet. 

tive 

ae;id,in 

Feet. 

0.66 

1 

2 

3 

5 

10 

19 

30* 

0.1 

0.632 

0.639 

0.646 

0.652 

0.C53 

0.655 

0.656 

0.657 

0.15 

.619 

.625 

.634 

.638 

.640 

.641 

.642 

0.643 

0.2 

.611 

.018 

.626 

.630 

.631 

.683 

.634 

0.635 

0.25 

.605 

.612 

.621 

.624 

.626 

.6-28 

.629 

0.630 

0.3 

.601 

.608 

.616 

.619 

.621 

.624 

.625 

0.626 

0.4 

.595 

.601 

.609 

.613 

.615 

.618 

.620 

0.622 

0.5 

.590 

.596 

.605 

.608 

.611 

.615 

.617 

0.619 

0.6 

.587 

.593 

.601 

.605 

.608 

.613 

.615 

0.017 

0.7 

.590 

.598 

.603 

.606 

.612 

.614 

0.616 

0.8 

.595 

.600 

.604 

.611 

.613 

0.615 

0.9 

.592 

.598 

.603 

.609 

.612 

0.01 5 

1.0 

.590 

.595 

.601 

.608 

.611 

0.614 

1.2 

.585 

.591 

.597 

.608 

.010 

0.015 

1.4 

.580 

.587 

.594 

.602 

.609 

0.616 

1.6 

.582 

.591 

.600 

.607 

0.614 

*  Not  given  in  table.     Coefficient  calculated  bj'  diffei-ences  bj-  the  writer. 

Table  of  Coefficients  for  Weirs  without  End  Contraction. 


EflEective 

Length 

OF  Weir  in  Feet. 

Head, 

in 

Feet. 

2 

3 

4 

5 

" 

10 
0.658 

19 

0.1 

0.659 

0.658 

0.657 

0.15 

0.652 

0.649 

0.047 

.645 

.645 

.644 

.648 

0.2 

.645 

.642 

.041 

.638 

.637 

.037 

.635 

0.25 

.641 

.638 

.030 

.634 

.633 

.032 

.630 

0.3 

.639 

.636 

.633 

.031 

.629 

.028 

.620 

0.4 

.036 

.633 

.630 

.028 

.625 

.023 

.621 

0.5 

.637 

.033 

.630 

.027 

.624 

.021 

.619 

0.6 

.6::j^ 

.634 

.630 

.027 

.023 

.620 

.618 

0.7 

.640 

.035 

.031 

.028 

.024 

.620 

.618 

0.8 

.643 

.637 

.633 

.029 

.625 

.621 

.618 

0.9 

.645 

.639 

.635 

.631 

.627 

.022 

.619 

1.0 

.648 

.641 

.037 

.633 

.628 

.624 

619 

1.2 

.046 

.041 

.636 

.632 

.626 

.620 

1.4 

.644 

.640 

.634 

.629 

.622 

1.6 

.647 

.642 

.637 

.631 

.623 

1.8 

2.0 
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A  formula  -wliich  is  extensively  used  in  America  for  comput- 
ing the  flow  through  weirs  was  given  by  Francis  in  1854,  and 
■was  deduced  h\  him  from  experiments  on  weirs  not  less  than 
10  feet  long  and  with  heads  ranging  from  0.4  to  1.6  feet  Eraa- 
cis'  formulae  are  as  follows : 

First,  for  Aveirs  without  end  contractions — 

Q  =  ^.SdhB^-  =  o.622?>zrv%"; 

and,  second,  for  w^eirs  with  two  end  contractions — 

Q  =  3.33  {h  -  0.2i7)//e  =  .622 v27(&  -  0.2R)HK 

In  this  latter  formula  it  is  supposed  that  the  effect  of  each  end 
contraction  is  to  shorten  the  effective  length  of  the  weir  by  an 
amount  equal  to  0.1  H. 

COERECTION  FOE  VELOCITY  OF  APPROACH  AND  AREA  OF  NOTCH. 

Where  tlie  water  approaches  the  w-eir  with  a  certain  velocity, 
the  coefficient  of  discharge  is  to  be  increased.  The  methods 
employed  by  different  authorities  for  this  computation  are  as 
follows  : 

Let  h  equal  the  square  of  the  velocity  of  the  current  in  feet 
per  second  divided  by  2(7(64.32*,  then  will  the  flow  over  the 
weir  be  as  follows,  as  given  by  Eankine — 

*  g  =  5.35cJ  \_{H+  h)i  -  M]  -^  3.335  [(H+  h)^  -  M  ]  when 

c  =  0.622 ; 

as  given  by  Francis — 

■\Q  =  3.33  {h  -  0.2^)  [{H  +  l,f  -  Ai]  ; 

as  given  by  Hamilton  Smith,  Jr. — 

t  (>  -  |c  {H  +  1.4.11)^  h^%j  =  5.35C&  {H-\-  1.470'. 

Some  experiments  were  made  at  Sibley  College  to  determine 
the  effect  of  the  velocity  of  approach  on  the  coefficient  of  dis- 
charge of  8-iuch  notches,  constructed  so  as  to  be  "interchange- 
able and  having  the  same  coefficient  of  discharge  when  used 
nnder  the  same  conditions.  These  notches  were  arranged  so 
that  the  same  water  should  flow  through  each,  approaching  one 

*  Rankine's  Givil  Engineering,  page  683. 
f  Merriman's  Hydraulics,  page  113. 
ij:  Merriman's  Hydraulics,  page  109. 
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with  no  appreciable  velocity  and  the  other  with  considerable 
velocity.  The  results  of  this  test,  which  are  appended  to  the 
paper,  indicate  a  correction  somewhat  greater  than  that  given 
by  Smith.  The  formula  found  to  apply  very  accurately,  with 
velocity  of  approach  from  0.2  to  0.8  foot  per  second,  was 

Q  =  Ic  {H  +  3.7/0^  h^'^j  =  B.Soch  {H  +  3.77i)i 

The  dimensions  of  the  notch  through  which  the  flow  takes 
place,  compared  with  that  of  the  stream,  has  considerable  influ- 
ence on  the  coefficient  of  discharge.  Kegarding  this,  Weis- 
bach--  makes  the  following  statement:  "The  most  extensive 
experiments  were  made  by  d'Aubuisson  and  Castel.  From 
these,  d'Aubuisson  concludes  that  for  overfalls  whose  width  is 
not  greater  than  one-third  that  of  the  canal  or  of  the  wall  in 
which  the  weir  is  placed,  we  can  put  the  coefficient  of  discharge 
c  =  0.60 ;  that,  on  the  contrary,  when  the  overfall  extends 
across  the  whole  wall  or  has  the  same  width  as  the  canal,  we 
must  take  e  =  0.665 ;  that  finally,  when  the  relations  between 
the  width  of  the  notch  and  that  of  the  canal  differ  from  the 
above,  the  coefficient  of  efflux  is  very  varied,  the  extremes  being 
0.58  and  0.66.  The  experiments  made  in  1853  and  1854  at 
Hanswyk,  upon  overfalls  3  to  6  meters  wide,  under  a  head  of 
0.1  to  i.O  meter,  gave  c  =  0.61  to  0.65." 

Weisbach  corrects  for  imperfect  contraction  and  area  of  notch 
as  well  as  for  the  velocity  of  approach  by  using  a  factor  which 
increases  the  effective  length  of  the  weir  instead  of  the  head. 
Thus  in  vol.  i.,  Mechanics  of  Engineering,  page  845,  he  gives  for 
the  discharge  of  a  weir  with  end  contractions, 

Q  =  ^G  ^2gh'  (1  +  1.718n0  ^ 

and  for  one  without  end  contraction, 

Q  =  lc  v2^  (1-041  +  0.3693»2)  h. 

In  the  above  formulae,  c  is  the  coefficient  of  discharge  for  no 
velocity  of  approach  and  perfect  contraction,  and  n  is  the  area 
of  cross-section  of  the  notch  divided  by  the  area  of  cross- 
section  of  the  stream.  Weisbach  gives  for  the  value  of  c  for 
overfalls  of  great  width,  as  obtained  by  Eytelwein,  0.63,  and  by 
.  Bidone  0.62,  the  average  being  0.625. 

*  Mechanics  of  Engineering,  vol  i.,  page  834. 
18 
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The  correction  given  for  dimensions  of  notch  and  the  velocity 
of  approach  by  Weisbach  was,  as  he  states,  deduced  from  ex- 
periments made  at  Leipzig  in  1843.  It  is  in  every  case  over  4 
per  cent,  as  compared  with  a  weir  with  perfect  contraction,  but 
is  considerably  less  than  the  corrections  used  by  others  for  a 
weir  with  end  contractions. 

For  convenience  of  computation,  Weisbach  gives  the  following 
tables  of  factors,  which,  if  multiplied  by  the  coefficient  c  of  dis- 
charge without  velocity  of  approach,  will  give  a  new  coefficient 
corrected  for  velocity  of  approach. 

Table  of  Factors. 


Correction  Factors. 

Values  of  u. 

With  End  Contraction. 

Without  End  Contraction. 

0.00 

1.000 

1.041 

0.05 

1.000 

1.043 

0.10 

1.000 

1.045 

0.15 

1.001 

1.049 

0.20 

1.003 

1.056 

0.25 

1.007 

1.064 

0.30 

1.014 

1.074 

0.35 

1.026 

1.086 

0.40 

1.044 

1.100 

0.45 

1.070 

1.116 

0.50 

1.107 

1.133 

The  methods  of  correcting  for  velocity  of  approach  given  by 
Baukine  and  Francis  are  substantially  identical  ;  that  given 
by  Smith  and  that  obtained  by  calibration  in  Sibley  College  are 
substantially  different  and  considerably  greater. 

During  the  test  the  mean  velocities  of  approach  for  different 
readings  of  the  hook  gauge  were  found  to  be  as  given  in  the 
following  table  : 
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TABLE. 


Reading  of  Hook 

Value  3f  100//,  Weis- 

Average  Velocity  of 

Head  CorreBponding  to 

Gauge. 

bach's  Formula. 

Approach. 

Velocity  of  Approach. 

Feet. 

Per  Cent. 

Feet  per  Sec. 

Feet. 

0.2 

1.53 

0.026 

0.00001 

0.3 

2.3 

0.046 

0.00003 

0.4 

3.0 

0.008 

0.00007 

0.5 

3.G8 

0.095 

0.00015 

0.6 

4.36 

0.122 

0. 00023 

0.7 

5.01 

0.151 

0.0(1036 

0.8 

5.69 

0.183 

0.00052 

0.9 

6.23 

0.211 

0.00070 

1.0 

6.90 

0.242 

0.00091 

1.1 

7.47 

0.275 

0.00142 

1.2 

8.00 

0.312 

0.00151 

1.3 

8.57 

0.345 

0.00183 

1.4 

9.12 

0.380 

0.00224 

1.5 

9.65 

0.414 

0.00265 

1.6 

10.02 

0.448 

0,00310 

1.7 

10.65 

0.480 

0.00358 

1.8 

11.15 

0.514 

0.00410 

1.9 

11.5 

0.557 

0.00480 

2.0 

12.0 

0.585 

0.00533 

It  is  to  be  noted  that  the  correction  for  increased  head  due  to 
the  velocity  of  approach  by  any  of  the  methods  is  very  small 
and  may  be  neglected  without  sensibly  affecting  the  results,  but 
the  correction  for  dimensions  of  notch,  especially  for  a  weir  with 
imperfect  contraction,  is  of  considerable  magnitude.  The  fol- 
lowing table  shows  the  results  of  correcting  in  various  ways  for 
the  velocity  of  approach,  as  given  by  the  different  authorities 
cited,  from  heads  of  2  to  1.5  feet. 

COKRECTION  FOR  VeLOCIJY  OF   AppKOACH, 


Factors  for  Correcting  Coefficient. 

Head  over  Weir. 

Francis. 

Smith. 

Sibley  College 
Experiments. 

Weisbach. 

Imperfect 
Contraction. 

Perfect 
Contraction. 

2      feet. 
1.9     " 
1.8     " 
1.7     " 
1.6     " 
1.5     " 

1.0039 
1.0034 
1.0028 
1.0025 
1.0019 
1.0013 

1.0058 
1.0052 
1.0044 
1.0040 
1.0034 
1.0030 

1.0148 
1.0140 
1.0125 
1.0107 
1.0090 
1.0077 

1.0460 
1.0158 
1.0456 
1.0452 
1.0448 
1.0450 

1.O0O36 
1.00028 
1.00025 
1.00022 
1.00017 
1 . 00015 
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RESULTS   OF   THE    CALIBRATION. 

The  discliarge  in  cul)ic  feet  per  minute,  corresponding  to  the 
various  heads  or  hook-gauge  readings,  is  shown  by  the  curve, 
Fig.  62,  as  obtained  by  the  calibration.  The  coefficients  corre- 
sponding to  the  vahie  of  c  in  the  formuha  Q  =  ^rhhV2'jh  vary 
for  different  heads  within  the  limits  0.646  and  0.658,  and  hence 
agree  very  closely  with  those  obtained  by  d'Aubuisson  for  what 
seems  to  have  been  similar  conditions.  These  values,  reduced 
for  velocity  of  the   approaching  water  by  the  method  which 
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Fig.  62. 


makes  the  greatest  correction,  even  if  the  end  contraction  be 
considered  as  entirely  wanting,  give  results  which  are  greater 
by  about  two  per  cent,  than  those  previously  tabulated. 

To  compare  the  coefficients  actually  obtained  with  those  ap- 
plicable to  cases  with  perfect  contraction  and  no  velocity  of 
approach,  some  formula  of  reduction  should  be  applied.  That 
given  by  Francis  and  Eankine  is  theoretical,  and  does  not  seem 
to  have  been  checked  by  experiment,  but  all  the  others  were 
determined  from  exiDerimental  investigations.  The  Sibley  Col- 
lege formula  to  which  reference  has  been  made  was  deduced 
from  experiments  with  8-inch  notches,  and  for  that  reason  may 
not  apply  with  accuracy  to  large  weirs  ;  that  given  by  Smith  is 
for  weirs  with  end  contraction,  and  this  is  true  to  a  certain 
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extent  with  that  obtained  in  Sibley  College.  Those  given  by 
Weisbaeli  have  seemed  to  the  writer  to  be  most  nearly  applicable 
to  the  case,  for  the  reason  that  the  dimensions  of  the  notch  are 
given  consideration,  and  they  give  results  which  agree  closely 
with  our  calibration ;  for  this  reason  they  have  been  given  the 
most  weight  in  the  table  which  follows.  The  table  gives  the 
coefficients  which  were  obtained  from  the  calibration  and  whicli 
would  seem  to  be  correct  for  the  conditions  referred  to,  with  a 
probable  error  not  exceeding  one  per  cent.  The  unreduced 
coefficients  are  to  be  used  in  the  formula, 

Q  =  IchhV^i  =  ChIA 

In  the  preceding  tables  of  coefficients  given  on  page  272,  the 
values  correspond  to  that  of  c  in  the  above  formula.  By  using 
the  formula  G  hM  one  constant  only  need  be  used,  and  its  appli- 
cation is  consequently  less  laborious. 

C=lc  V2^  =  5.25c. 
Table  of  Coefficients  of  Weir. 


Without  Reduction. 

Value  of 

3  Reduced. 

Head, 

in  Feet. 

Sibley  College 

Weisbach's  Formula. 

Value  of  c. 

Value  of  C. 

Formula. 
Velocity  Approach. 

Imperfect  Con- 
traction. 

2 

0.646 

3.456 

0.637 

0.617 

1.9 

0.647 

3.461 

0.638 

0.617 

1.8 

0.648 

3.465 

0.642 

0.618 

1.7 

0.649 

3.470 

0.043 

0.619 

1.6 

0.649 

3.475 

0.644 

0.620 

1.5 

0.651 

3.481 

0.646 

0.621 

1.4 

0.6o2 

3.488 

0.(i48 

0.623 

1.3 

0.653 

3.496 

0.049 

0.625 

1.2 

0.654 

3.505 

0.650 

0.626 

1.1 

0.654 

3.515 

0.651 

0.626 

1.0 

0.655 

3.525 

0.652 

0.627 

0.9 

0.655 

3.536 

0.653 

0.627 

0.8 

0.655 

3.551 

0.653 

0.627 

0.7 

0.655 

3.568 

0.6.54 

0.628 

0.6 

0.656 

3.586 

0.655 

0.628 

0.5 

0.056 

3.606 

0.056 

0.629 

0.4 

0.657 

3.630 

0.656 

0.629 

0.3 

0.657 

3.660 

.      0.650 

0.6S0 

0.2 

0.658 

3.700 

0.657 

0.631 
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CONCLUSIONS. 

The  general  conclusions  to  be  drawn  from  the  results  of  the 
test  and  a  study  of  previous  experiments  are  briefly  as  follows : 

1.  The  length  of  an  overfall,  if  great  in  proportion  to  the 
width  of  the  stream,  has  considerable  effect  on  the  results.  This 
effect  is  not  considered  in  the  ordinary  formula  nor  in  that  of 
Francis,  and  hence  both  fail  to  give  accurate  results  for  these 
conditions. 

2.  When  the  length  of  overfall  is  nearly  equal  to  the  width  of 
the  undammed  stream,  as  in  the  case  considered,  the  end  con- 
tractions have  little  effect  on  the  discharge,  and  the  results 
correspond  to  weirs  with  imperfect  end  contraction. 

3.  A  weir  constructed  without  end  contraction  is  better  under 
usual  conditions  than  one  with  end  contraction,  and  is  recom- 
mended for  ordinary  use. 

4.  The  formula  of  Weisbach,  as  given  heretofore,  viz., 

Q  =  |cV2p~^  (1.041  +  0.3693n-)  h  =  5.35c  (1.011  +  0.36937r)  hlf, 

in  which  c  =  0.625,  is  believed  to  apply  to  wide  overfalls 'similar 
to  the  one  described  with  greater  accuracy  than  any  formulae 
examined.  If  we  substitute  the  value  of  c  in  the  formula,  we 
shall  have  : 

Q  =  3.344  (1.041  +  0.369371-)  hh\ 

The  application  of  this  formula  gives  results  which  differ  but 
slightly  more  than  one  per  cent,  from  the  extreme  values  of  the 
calibration,  and  differ  but  a  fraction  of  one  per  cent,  from  the 
values  used  throughout  the  test.  The  last  column  in  the  pre- 
ceding table  gives  the  coefficient  to  be  substituted  in  the 
formula  of  Weisbach,  as  given  above,  to  agree  exactly  with 
the  results  of  the  calibration,  and  this  is  seen  to  vary  from 
0.617  to  0.631  for  a  range  of  heads  from  2  feet  to  0.2  foot.  To 
account  for  this  variation,  an  additional  term  or  factor  would 
need  to  be  introduced ;  this  would  be  an  additional  complexity 
not  warranted  by  the  slight  additional  accuracy  to  be  secured. 

The  following  tables  give  the  results  of  the  various  tests  and 
computations  referred  to  as  follows  : 

Table  No.  1.  Discharge  observations  with  rod  float  reduced 
by  Francis'  formulae. 
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Table  No.  2.  Methods  of  computing  discharge  with  rod  floats. 

Table  No.  3.  Observations  for  coefiicient  of  discharge. 

Table  No.  4.  Computation  of  coefficient  of  discharge. 

Table  No.  5.  Water  discharged  .by  "  Undulating  "  or  Court- 
right  pump. 

Table  No.  6.  Water  discharged  by  pumps  operated  by  engine 
No.  2. 

Table  No.  7.  Water  discharged  by  pumps  operated  by  engine 
No.  2. 

Table  No.  8.  Water  discharged  by  pumps  operated  by  engine 
No.  2. 

Table  No.  0.  Water  discharged  by  pumj)s  operated  by  engine 
No.  2. 

Table  No.  10.  Water  discharged  by  pumps  operated  by  engine 
No.  3. 

Table  No.  11.  Water  discharged  by  pumps  operated  by  engine 
No.  3. 

Table  No.  12.  Water  discharged  by  pumps  operated  by  engine 
No.  4. 

Table  No.  13.  Summary  of  results  of  pump  test. 
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TABLE    NO.    1. 

Discharge    Observations   at   Canal,   Pumping    Works.— Rod    Float 
MExnoDS. — Velocities  Reduced  by  Francis'  Formula. 


Gauge  Read- 

u 

U 

Time. 

ing,  Ft. above 

-f 

(h 

A 

0) 

Chicago 

o 

p, 

4.3 

•w 

Datum. 

o 

V 

0) 

CO  <o 

o    . 

.  1        ai 
t2  1)    -    Ji 

t 

2  0) 

S2 

E  3 

Engines  Running  and 

=5  bjo 

oS 

ii 

oco 

§§ 

C     O 
r  ^ 

o.S 

Speed. 

i 

Date. 

Hour. 

ll 

'0- 

2t 

pa  i; 
It 

•SCO 
> 

03 
1 

M 
C3 

o 

^^ 

<  a 

< 

< 

s 

Q 

5 

1893 

July   3 

10.10  a.m. 

3.76 

3.80 

305 

2.18 

684 

39,840 

11.25 

3.76 

3.801 

305 

2.27 

691 

41,460 

1..30P.  M. 

3.76 

3.82 

305 

2.11 

644 

38,640 

3.00 

3.76    3  8^: 

305 

2.12 

648 

38,880 

4.00 

3.76   3.82 

305 

2.03 

619 

37.140 

4. .30 

3.76    3.82 

305 

2.10 

689 

38.340 

"      5 

9.10  A.  M. 

3.66    3.70 

300 

1.94 

.581 

34,860 

9.45 

3.69    3.76 

300 

2.09 

628 

37,680 

10.20 

3.77 

3.88 

305 

2.31 

704 

42,240 

11.15 

3.84 

3.98 

310 

2.40 

745 

44.700 

2.45  p.  M. 

3.86 

4.00 

310 

2.27 

705 

42.300 

3.25 

3.90 

4.04 

310 

2.26 

702 

42,120 

1 

"    11 

4.20 

3.86 

294. 7|  1.974 

581.7 

34,902 

6  Centrifugal  Pumps. 

2 

4..35-  4.50 

3.86 

294.7|2.07 

608.6 

36,517 

6 

'• 

3 

4.50-  5.05 

3.86 

294.72.243 

661 

39.658 

6 

4 

5.05-  5.15 

3.86 

294. 712.241 

660.3 

39.620 

6 

5 

"    12 

11. 1.5-11.40  A.M. 

3.86 

294. 7  j  1.933 

569.5 

34.172 

6 

6 

11.40-11.55 

'] "  1 

3.86 

294.712. 05? 

606.fi 

36.369 

6 

7 

11.55a. M.-12.10  P.M. 



3.86 

294.72.017    .594.4 

.35.667 

6 

8 

12.15-12..30 

3.86 

294.7|I.98(j 

.'85 

35,103 

6 

9 

12.32-12.45 

3.86 

294.7  1.980 

.583.4 

35.004 

6 

10 

13.50-  1.10 

3.86 

294. 7:2. 097 

617.8 

37.089 

6 

11 

1.15-  1.30 

3.86 

2i)4.7|2.1U 

622.9 

37,377 

6 

12 

1.30-  1.50 

3.86 

294.72.140 

632.2 

37.932 

6 

13 

1.51-  2.05 

'.'.'.'} 

3.86 

294.712.126 

026.5 

37.592 

6 

14 

2.15-  2.30 

3.86 

294.712.189 

644.9 

38,696 

6 

15 

2..34-  2.45 

3.86 

294.7:2.0.32  ;.5fl8.8 

35.927 

6 

16 

2.48-  3.00 

' 

3.86 

294.7  2.123  '625.6 

37..535 

6 

17 

"    IS 

10.28-11.25  A.M. 



6.70 

458.6 

0.3611  165.0 

9,936 

Eng 

No.  1,  41.4  Rev's. 

18 

11.38a.m.-12.30p.  M. 



6.701 

458.6 

0.38.54,176.7 

10.603 

"    1,    41.4     " 

19 

12.30-  1.32 

6.62 

453.5 

0.3929;i76.2 

10,690 

"    1,    41.4     " 

20 

1.40-  2.51 

6.71 

4.59.2 

0  3;-88  173.9 

10.4.37 

"    1,    41.4     " 

21 

3.02-  4.00 

6.70! 

4.58.6 

0.372S170.; 

10,242 

"    1,    41.4     " 

22 

5.30-  6.a5 

7.22' 

491.3  0..5.-i0fi  270.5 

16.2.32 

"    2,  108 

23 

6..37-  7.32 

6.82 

466.1  0.3787  176. .5 

1(1.. 591 

"    2,    36.4     " 

24 

7.35-  8.55 

6.82, 

466.1  0.4llSfi  190.4 

11.427 

"    2,    .36.4    " 

24a 

Combinat'n  24  &  25. 

6.80: 

464.8  0.4043  187.9 

11.275 

"    2,    36.4     " 

26 

tl0.45p.M.-12..35A.  M. 

7  12 

485.1  0.5010  243 

14,.586 

"    3,    99.7    " 

27 

"     19 

12.47-  1..35 

6>1 

4.59.2  0.3(;.i4  167.8 

10,066 

"    3.    84.4    " 

28 

1.47-  2.31 

6.71 

4.59.2  0. .3814:175.1 

10..507 

"    3,    84.4    " 

29 

2.40-  3.45 

6.71 

4.59.2  0.3762  172.7 

10,363 

"   3,   84.4    " 

30a 

3.55-  4.50 

6.71 

4.59.2  0.31.51  144.6 

8,674 

"    4,    82.4     " 

30& 

6.63 

451.2  0.31.55  143.3 

8.. 599 

"    4,    82.4     " 

31 

b'.io^'e.'io 

6.63 

4.54.2  0.3390  154 

9,239 

"    4,    82.4     " 

32 

10.25-11.37 

6.32 

434.8 

0.2435 

105.9 

6,353 

"    2,    70.0; 

)  " 
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TABLE  NO.  2. 
Rod  Float  Observations  No.  IS.-Mkthod'  of  Computing  Disciiakge. 


Distance  out  from 
Z  ERo  Line  at 
Which  Float 
Crosses  Ranges. 


Upper.  'Middle.  iLower 


9 

10 

14 

11 

17 

16 

23^ 

24 

30 

29 

48 

45 

53 

5U 

53 

55 

60 

57 

61 

60 

62 

.62 

63 

64 

65 

66 

67 

12 

18 

25i 

27 

45* 

50" 

55 

57 

58 

58 


69 


;3  « 


00  1. 
00  2, 
67  4 
50  9 
5010 
50;  9 
67  7 
67  4 
.00,  2 
,00    1 


.751  2. 
.58!  4. 
.OS!  7. 
.OOill, 
.OOlll, 
.0011 
.17'  7 
.081  6 
.58  4, 
.75   3 


8g 

o 


03  0 

2110. 

710. 

iilo. 

7110. 
2ll0. 
41  ;0. 
610. 
.710. 


P-'O 


21 


130.970 
39  0.939 
47  0.982 

19  0.961 
15  0.967 

20  0.960 
03  0.9921 
38  0.940 

,45  0.934 
,45  0.934 


0  2665 
0.3187 
0.3627  0 
O.3604'O 
0.4646  0 
O.l.sai  0 
,0.4464  0 
0.4546,0 


0.4251 
0.3534 


O 

045 

100 

152 

200 

2585 

2992 

8380 

,3463 

,4493' 

.  4688 

.4428 

.4273 

.3970 

.3301 

.280 

.240 

.180 

.140 

.085 

.040 

.000 


O 
0.91 
1.51 
1.81 
2.06 
2.03 
4.21 
7.71 
11.11 
11.71 
11.21 
7.41 
6.61 
4.71 
3.21 
2.71 
2.41 
2.21 
1.21 
1.91 
0.71 


o 

Is 

5  II 

as 


O 
0.041 
0.151 
0.275 
10.412 
0.525 
1.2601 
2.606 
3.848, 
5.262 
5.200 
13.281 
2.824 
1.870 
1.060 
0.75 
0.57 
0.398 
0.169 
0.162 
0.028 


'^< 

a)  OS  ., 

o  C.2 
^  u 


Total, 


1.141 
4.462 
15.464 
16.135 
72.880 
34.001 
14.842 
6.105 

7.041 
2.930 


O.OOOlO.OOO 


1.714 


Discbarge,  cubic  feet  per 


f  second ...,.o P<^ 


ri5 


176.715  X  60  =  10,603  =   Discharge  per  minute. 
Francis'  Formula  for  Reducing  Observed  to  Mean  Velocities: 


Vm  =  Yr  [l.OllO  -  0.116  ^^^^~\- 

Yr  =z  Observed  Velocity. 
Vm  =  Mean  Velocity. 
d  =  Deptli. 
/  =  Immersion  of  Rod, 
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TABLE  NO.  3. 
Observations  for  Coefficient  op  Discharge. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

o 

1^  t. 

e 

.d 

« 

60 

o 

mI 

Total  Volume  of  Wate 
in  Basin  between  We; 
and  Pump  House  and 
above  Level  of  Weir. 

Eate  of  Leakage  per 
Minute,  Cubic  Feet. 

Observed  Time  in  whic 
Water  Dropped  ^\  ft. 
in  Emptying  Basin, 
Minutes. 

Quantity  that  Passed 
Out  of  Basin  by  Leakaj 
during  Each  ^V  Drop, 
Cubic  Feet. 

.9-au 

Sua) 

05    03    0) 

■c.a 

P"^  a. 

2.00 

90,559 

53 

1.90 

85,902 

4,657 

53 

1.80 

81,257 

4,644 

53 

0.2938 

16 

4,628 

262 

1.70 

76,626 

4,631 

53 

0.3181 

17 

4,614 

244 

1.60 

72,008 

4,618 

52 

0.3459 

18 

4,600 

222 

1.50 

67,462 

4,605 

52 

0.3712 

19 

4,586 

206 

1.40 

62,810 

4,592 

52 

0.4172 

21 

4,571 

187 

1.30 

58,230 

4,579 

52 

0.4627 

24 

4,555 

165 

1.20 

53,664 

4,566 

52 

0.5176 

27 

4,539 

146 

1.10 

49,109 

4,555 

51 

0.5847 

30 

4,525 

129 

1.00 

44,568 

4,541 

51 

0.6676 

34 

4,507 

113 

0.90 

40,045 

4,523 

51 

0.7710 

39 

4,484 

97 

0.80 

35,537 

4,508 

51 

0.9100 

46 

4,462 

81.7 

0.70 

31,043 

4,494 

51 

1.0800 

55 

4,439 

65.5 

0.60 

26,565 

4,479 

51 

1.33 

68 

4,411 

49 

0.50 

22,100 

4,464 

50 

1.69 

84 

4,a80 

38.2 

0.40 

17,651 

4,449 

50 

2.24 

112 

4,337 

30.2 

0.30 

13,216 

4,435 

50 

3.20 

160 

4,275 

22.8 

0.20    . 

8,796 

4,420 

50 

-  _    - 

_  _  _ 

0.10 

4,391 

4,405 

50 

0.00 

000 

4,391 

50 
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TABLE   NO.  4. 
Calculation  of  Coefficient  of  Discharge  pbom  Data  in  Table  3. 


1 


1.9-1.8 
1.8—1.7 
1.7—1.6 
1.6—1.5 
1.5—1.4 
1.4—1.3 
1.3—1.2 
1.2—1.1 
1.1—1.0 
1.0—0.9 
0.9—0.8 
0.8—0.7 
0.7—0.6 
0.6—0.5 
0.5—0.4 
0.4—0.3! 


.  M 


o  ^  a 

■i  si^, 

K-   c    -    = 

sa 

II  ?H  a-" 


s« 


4,628 
4,614 
4,600 
4.586 
4,571 
4,555 
4,539 
4.525 
4.507 
4,484 
4,462 
4,439 
4,411 
4,380 
4,337 
4,275 


'1^ 


1  S»^| 


'^1  --I*. 


>  + 


+ 


.40290 

.43821 

.47793 

.52482 

.57992 

.64535 

.72441 

.82096 

.94104 

1.09582 

1.29254 

1.55849 

1.93027 

2.48365 

3.36276 

4.92442 


II      '^  -l;S 


62.145 

67.398 

73.285 

80.214 

88.373 

98.027 

109.651 

123.872 

141.349 

163.324 

192.236 

230.647 

283.883 

362.591 

485.815 

701.760 


17.602 
19.090 
20.757 
22.720' 
25.031 
27.765 
31.058 
35.086 
40.037 
46.200 
54.380 
65.0601 
79.740  1 
101.330  1 
134.570  2 
191.6903 


O  C3   + 


10 


.2933,3 
,31813. 
,34593. 
37123. 
,4172i3. 
4627,3. 
51763. 
584713. 
66733. 
7710  3. 
9100  3. 


.530513, 
53053. 

5305,3. 
5305  3. 
5305  3. 


5305 
5305 
5305 
5305 


)305  3 


080 
330 
690 
240 
200 


535 
545 
560 

578 
610 
661 


69903. 
5103'3. 
59243. 
4279!3. 
5068  3. 
71313. 
5834  3. 
4409  3. 
4()44  3. 
5352  3. 
5599  3. 
5593  3. 
6395  3. 
5971  3. 
6147  3. 
7460  3. 


504  3.461 
506  3.465 
508  3.470 
5123.475 
5163.481 
520  3.488 
5263.496 
532 '3.505 
540i3.515 
548  3.525 
556^3.536 
569  3,551 
5M4'3.568 
604  3.586 
()30  3.606 
674  3.020 
3.66 


*  The  above  are  correct  values  of   Ct  to  within  ^Jj  of  one  per  cent,  of  the  exact  value  of 

/^Z. ,  as  stated  by  Mr.  Ericson  (as  calculated).     Dividing  Ct  by  the  corresponding  values  of  t,  a 
-^    V 
coeflScient  may  be  obtained  for  each  tenth. 
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TABLE  NO.  5. 

Water  Discharged  by  Engine  No.  1  (Operating  Courtright  Pump),  41.40 
Revolutions  per  Minute. 


1 

2 

3 

4 

5 

6 

7 

8 

■      i 

a. 

5  M 

K 

o   < 

fi.5    «• 

■ynt 

Hi 

.Sod 

h5 

a  a 

a  a>  -  «; 

1' 1  nf  5  - 

.1.11 

A.M. 

1 

2 

10.15 

10.30 

1.354 
1.385 

52 
52 

9,966 
10,304 

10.28  A.K 

3 

10.45 

1.390 

0.3611 

52 

10,357 

4 

11.00 

1.392 

52 

10,374 

10,416 

9,936 

5 
6 

11.15 
11.30 

1.415 
1.397 

52 
52 

10,629 
10,432 

A 

11.25 

11.4.5 

1.392 

0.3854 

52 

10,374 

11.38 

M. 

. 

V 

7 

12.00 

P.M. 

1.392 

52 

10,374 

10,404 

10,603 
A 

8 

12.15 

1.392 

52 

10,374 

9 

12.30 

1.403 

52 

1U.495 

12.30  P.M. 

1 

10 

12.45 

1.403 

52 

10,495 

11 

1.00 

1.415 

52 

10,631 

V 

12 

1.15 

1.405 

0.3929 

52 

10,521 

10,533 

10,690 

13 

1.80 

1.405 

52 

10,521 

A 
1..32 

14 

1.45 

1.405 

52 

]  0,5-21 

1.40 

15 

2.00 

1.413 

52 

10,612 

V 

16 

2.15 

1.418 

0.3788 

52 

10,665 

10.609 

10,437 

17 

2.30 

1.408 

52 

10,55!) 

A 

18 

2.45 

1.420 

52 

10,686 

2.5l' 
3.02 

19 

3.00 

1.420 

52 

10,6-6 

20 

3.15 

1.420 

0.3723 

52 

10,686 

V 

21 

3.30 

1.424 

52 

1U,T2.S 

10,726 

10,243 

A 
4.00  P.M. 

23 

3.45 

1.417 

52 

10,6r)4 

23 

4  00 

1.437 

52 

10,876 

Av( 

3 rage?.. . 

10,5'22 

10,538 

10,383 

Roc 

i  Float  I 

Lverage  . .  . 

10.382 

10,382 

Difi 

ference. . 

li=^^ 

U  % 
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TABLE  NO.  6. 

Watek  D'.schakqed  by  Engike  No.  2,  Operating  Two  Cbnteiftjgal  Pumps. 
100.8  Revolutions  pek  Minute. 


1 

i 

3 

4 

5 

6 

7 

8 

■a  p 

-a . 

a   S  . 
"5  2^-3 

t-< 

im 

ft  ^ 
So 

is 

Time. 

3  M 
^  OS 

w 

h5 

6tJi 

O-r.S  JJ 

.2.2    i 

J'lvl8,'93 

1 

5.00  p.m. 

5.05 

5.10 

1.926 
1.935 
1.920 

53 

53 
53 

16,809 
16,925 
16,735 

2 

5.15 
5.20 

1.915 
1.928 

53 
53 

16,673 
16,851 

5.25 
5. 30 

1.923 
1.930 

53 
53 

16,781 

16,862 

5.30  P.M. 

3 

A 

5.35 

1.923 

53 

16,781 

5.40 

1.923 

0.5506 

53 

16,781 

4 

5.45 
5.50 

1.914 
1.930 

53 
53 

16,660 

16.862 

Speed 

5.55 

1.934 

53 

16,915 

reduce. 

5 

6.00 

Averages 

6.05 

1.925 

53 

16,798 
16,802 

15,680 

16,^ 

32 

1.936 

16,936 

6.10 

1.797 

15,178 

6.14 

1.675 

13,659 

6.20 

1.587 

12,604 

V 

6.28 

1.546 

12,127 

6.28  P.M. 

286      TEST   OF  OENTRIFUaAL  PUMPS   AND   CALIBRATION   OF  WEIR, 


TABLE  NO.  7. 

Engine  No.  3,  Operating  Two  Centrifugal  Pumps,  86.4  Revolutions  per 

Minute. 


1 

2 

3 

4 

5 

6 

7 

8 

1§ 

be   . 
S  M 

a  ^  ' 

t4 

So   i 

^1 

Time. 

a  a 

lilli 

Q^    -    E    ri    0) 

July  18,  '93 

6 

6.30  p.m. 

1.540 

53 

13,046 

6.35 
6.40 

1.524 
1.587 

52 
53 

11,873 
11,999 

6.37  P.M. 

A 

7 

6.45 
6.50 
6.55 

1.537 
1.537 
1.519 

53 
52 

53 

11,999 
11,999 
11,800 

8 

7.00 

1.519 

0.3787 

53 

11,800 

11,958 

10,591 

7.05 

1.534 

52 

11,978 

7.10 

1.540 

53 

12,046 

9 

7.15 
7.20 

1.540 
1.535 

53 
53 

13,046 
11,988 

7.25 

1.523 

53 

11,851 

V 

10 

7.30 
7.35 

1.524 
1.520 

53 
53 

11.873 

11,808 

7.32  P.M. 

7.35  P.M. 

7.40 

1.518 

53 

11,794 

A 

11 

7.45 
7.50 
7.55 

1.530 
1.530 
1.530 

52 
53 
53 

11,936 
11,936 
11,936 

12 

8.00 

8.05 

1.530 
1.530 

53 
53 

11,9:^6 
11,936 

8.10 

1.530 

0.4086 

53 

11,936 

13 

8.15 

1.530 

53 

11,936 

8.20 

1.530 

53 

11,936 

11,837 

11,437 

8.25 

1.530 

52 

11,936 

14 

8.30 

1.530 

53 

11,936 

11,376 

8.35 

1.510 

58 

11,696 

8.40 

1.485 

52 

•11,410 

15 

8.45 

1.500 

53 

11,590 

8.50 

1.516 

53 

11,693 

V 

8.55 
9.00 

1.524 
1.503 

53 

52 

11,873 
11,628 

8.55  P.M. 

16 

9.05 

1.497 

53 

11,539 

9.10 

1.510 

53 

11,692 

17 

9.15 

1.513 

53 

11,618 

9.20 

1.530 

53 

11,808 

9.25 

1.517 

53 

11,770 

18 

9.30 

1.506 

53 

11,650 

• 

11,844 

11,898 

11,( 

)98 
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TABLE  NO.  8. 

Engine  No.  2,  Operating  Two  Centrifugal  Pumps,  70.03  Revolutions 

PER  Minute. 


1 

o 

3 

4 

5 

6 

7 

8 

.i:»r-9^  • 

1,73         to 

^^ 

01 

^«.«- 
c^"? 

0) 

cs  g  %'^  g 

^^        1 

11 

Time. 

§1" 

Son 

O    s^    I-. 

4) 

«  £;  =  S 

■sS'H'E-a 

M  3  p  0  g 
«  «}  i:  S  a> 

5i  a 

Ah 

-^   5eh 

July  19,  '93 

8 

10.00  p.m. 

1.009 

51 

6,427 

10.05 

1.216 

51 

8.488 

10.10 

1.206 

51 

8,384 

9 

10.15 
10.20 
10.25 

1.206 
1.066 

51 
51 
51 

8,384 
6,978 

10.25  P.M. 

A 

10 

10.30 
10.35 
10.40 

1.087 
1.116 
1.005 

51 
51 
51 

•  7,-190 
7,471 
6,391 

11 

10.45 
10.50 
10.55 

1.081 
1.057 
1.033 

51 
51 
51 

7,126 
6,893 
6,660 

12 

11  00 

1.030 

0.2435 

51 

6,628 

11.05 

1.035 

51 

6,675 

6,764 

6,5 

$53 

11.10 

1.034 

51 

6,668 

13 

11.15 
11.20 
11.25 

1.023 
1.026 
1.027 

51 
51 
51 

6,565 
6,596 
6,603 

14 

11.30 

1.013 

51 

6,469 
7,033 

11.35 

6,550 

\ 

y 

11.37  r.M. 
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TABLE  NO.  9. 

Engine  No.  2,  Opekating  Two  Centrifugal  Pumps,  56.01   Revolutioks 

PEu  Minute. 


1 

2 

3 

4 

5 

6 

No. 
Used  by 

Prof. 
Carpenter. 

Time. 

Hoolv-Gauge 
Reading. 

Velocity  of 

Approacli,  Feet 

per  Second. 

Lealjage 

per 
Minute. 

.Total  Cu.  Ft. 
Delivered  per 
Minnte,  Weir 
Measurement. 

July  19.  1893 

1 

7.30  A.M. 

0.317 

50 

1,218 

7.35 

0.304 

50 

1,148 

7.40 

0.290 

50 

1,071 

2 

7.45 

0.329 

50 

1,286 

7.50 

0.328 

50 

1,280 

7.55 

0.283 

50 

1,036 

3 

8.00 

0.328 

50 

1,280 

8.05 

0.316 

50 

1,213 

8.10 

0.347 

50 

1,387 

4 

8.15 

0.350 

50 

1,405 

8.20 

0.360 

50 

1,464 

8.25 

0.350 

50 

1,405 

5 

8.30 

0.335 

50 

1,319 

8.35 

0.355 

50 

1,433 

8.40 

0.355 

50 

1,433 

6 

8.45 

0.344 

50 

1,370 

8.50 

0.341 

50 

1,352 

8.55 

0.346 

50 

1,383 

7 

9.00 
Averaeres. . . 

0.324 

50 

1,258 
1,302 

O     "•  •   • 
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TABLE  NO.  10. 

EKOOK  NO,  Si,  OPKK.T,™   TWO   C„.TU,PU«.U.   PUMPS,  99.7   UKVO,,OT.O.. 

PEK  Minute. 


6 


8 


Julv  18,  '93 
1  10  "OO  P.M. 
10.05 
10.10 
10.15 
10.20 
10.25 
10.30 
10.35 
10.40 
10.45 

10.50 

10.55 

11.00 

11.05 

11.10 

11.15 

11.20 

11.25 

11.30 

11  35 

11.40  I 

11.45  I 

11.50  ' 

11.55 

12.00  Mid- 
night. 

Averages. 
|july  19,'93 
12,05  A.M. 
12.10 
12.15 
12.20 
12.25 
12.30 
1'^  35 


1.860 
1.696 
1.675 
1.713 
1.736 
1.736 
1.798 
1.819 
1.824 
1.834 
1.836 

i.8;i8 

1.886 
1.841 
1.842 
1.845 
1.840 
1.849 


1.858 
1.839 
1.843 
1.846 
1.847 
1.832 
1.830 


1.834 
1.818 
1.828 
1.615 
1.486 
1.437 
1.417 


0.5010 


53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 

53 


53 


53 
53 
53 
53 
53 
53 
53 


15,953 

13,907 

13,663 

14,131 

14,404 

14.404 

15,188 

15,453 

15,506 

15,633 

15,654 

15,686 

15,654 

15,728 

15,739 

15,764 

15,707 

15,813 

15,940 

15,703 

15,750 

15,781 

15,792 

15,601 

15,-580 


15,365 

15,633 
15,432 
15,559 
12,931 
11,423 
10,872 
10,919 


14,969 


14,586 


Speed  reduced. 


19 
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TABLE   NO.  11. 

Engine  No.  3,  QPERATmo  Two  Centrifugal  Pumps,  84.4  Revolutions 

PER  Minute. 


1 

2 

3 

4 

5 

6 

7 

8 

1-^ 

so  . 
5  fcn 

'^6 

el|| 

(DO        JS 

Time. 

cS  a 

f^  aft 

< 

MS 

Total  Cu. 
Delivered 
Minute,  \ 
Measureni 

Average  of 

Measurenii 

Correspondi 

Time  to  Rod 

MeasurenK 

Discharge 

Minute  by 

Float 

Measuremi 

10 

July  19,  1893 

1-2.30  A.M. 

1.437 

53 

10,866 

12. .35 

1.417 

.52 

10.054 

11 

12.40 

1.404 

52 

10,516 

12.45 
13.50 

1.405 
1.406 

0.3654 

52 

10,525 

12.47  P.M. 

52 

10,5.33 

^ 

yi 

12 

15.55 
7.00 

1.400 
1.409 

52 
53 

10,463 
10,.569 

1.05 

1.404 

53 

10.516 

\ 

13 

1.10 
1.15 

1.411 
1.418 

53 
52 

10,.584 
10,612 

1.30 

1.426 

53 

10,749 

10,613 

10,066 

14 

1.25 

1.410 

52 

10,580 

j 

1.30 

1.434 

52 

10,736 

1.35 
1.40 

1.429 

53 

10.787 

V 

15 

1.414 

52 

10,622 

1.35  a.m. 

1.45 
1.50 

1.427 
1.435 

52 
52 

10,760 
10,743 

1.47 

A 

16 

1.55 

1.412 

52 

10,601 

2.00 

1.415 

0.3814 

53 

10,629 

2.05 

1.419 

53 

10,082 

ir 

2.10 

1.412 

53 

10,601 

10,593 

10,507 

2.15 

1.410 

52 

10,579 

1 

2.20 

1.403 

52 

10,508 

1 

18 

2.25 

1.401 

52 

10.474 

V 

2.30 

1.405 

52 

10,525 

2.31  A.M. 

2.35 

1.405 

52 

10,525 

A 

19 

2.40 

1.412 

53 

10,601 

2.40  A.M. 

2.45 

1.410 

53 

10.580 

2.50 

1.402 

0.3762 

.53 

10,495 

20 

2.55 
3.00 
3.05 

1.404 
1.401 
1.403 

53 
53 
53 

10,516 
10,474 
10,485 

81 

3.10 

1.411 

52 

10,586 

10,612 

10,363 

3.15 

1.419 

52 

10,683 

3.20 

1.410 

53 

10,576 

22 

3.25 
3.. 30 
3.35 

1.438 
1.429 
1.413 

53 
52 
52 

10,770 
10,787 
10,601 

23 

3.40 

1.436 

52 

10,751 

3.45 
3.50 

1.418 
1.435 

52 

52 

10,665 
10,742 

V 

8.45  A.M. 

24 

3.55 

1.417 

52 

10,654 

4.00 

1.425 

53 

10,742 

Averages. . . 

10,619 

10,606 

10,si'^ 
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TABLE   NO.  12. 

Engine  No.  4.  Operating   Two   Centrifugal  Pumps,  82.4   Revolutions 

PER  Minute. 


1 

2 

3 

4 

5 

6 

f" 

8 

Time. 

o 

s  be 

cs  a 

W 

<_  «    • 

•sis 

^  CO. 

■<5 
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TABLE   NO.   13. 

SxBiMAJiT   OF    Averages    for    Comparison. — Discharge    in    Cubic    Feet 

PER  Minute. 
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Centrifugal  Pumps  on  Engine  No.  2. . 


Centrifugal  Pumps  on  Engine  No.  3. 
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See  Table. 
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APPENDIX. 

SIBLEY  COLLEGE  EXPERIMENTS  FOR  EFFECT  OF  VELOCITY  OP  APPROACH. 

The  results  of  the  experiment  to  determine  effect  of  velocity 
of  approach,  to  which  reference  has  been  made,  are  given  in  the 
following  pages. 

Because  of  the  discrepancy  referred  to  in  the  coefficients  given 
for  velocity  of  discharge,  an  experiment  was  made  in  Sibley 
College  for  determining  the  effect  of  the  velocity  of  discharge 
on  the  results.  Two  weir  notches  of  exactly  the  same  kind  and 
size,  and  perfectly  interchangeable,  each  with  a  length  of  eight 
inches,  were  made  :  one  of  these  was  placed  on  a  large  tank,  the 
area  of  whose  surface  was  so  great  compared  with  the  area  of  the 
discharge  as  to  re23resent  the  case  of  discharge  from  still  water ; 
the  other  was  placed  across  a  trough  having  a  trapezoidal  cross- 
section  similar  in  many  respects  to  that  of  the  channel  of  the 
Chicago  canal.  The  result  gave,  as  the  coefficient  of  correction 
for  the  head  due  to  the  velocity  of  approach,  3.7/^  instead  of 
lAh,  as  given  by  Hamilton  Smith,  Jr.  The  formula  for  the 
quantity  of  water  discharged  per  second  being 


Q  =^c{IJ  +  ^.lh)ih^2g  =  5.35c6  (H  +  ^.lh)\ 
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in  which  H^  head  over  weir,  and  //  =  head  due  to  velocity  of 
approach.  The  observations  and  results  are  shown  graphically 
in  Figs.  63  and  64. 
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Resdlt  Sheet  of  Weih  Test. 


"Weir  No.  1  has  velocity  of  approach.  )_ 

Weir  No.  2  has  no  velocity  of  approach.   J 


Observer,  P.  G.  Wilcox,  M.E. 
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DISCUSSION. 

Prof.  R.  H.  Thurston. — Professor  Carpenter's  paper  has  more 
importance  and  represents  a  more  extensive  and  uniquely  great 
investigation  than  its  simple  character  and  quiet  statement 
would  at  first  lead  one  to  suspect.  It  is  not  only  an  exception- 
ally complete  study  of  the  behavior  of  a  very  exceptionally  large 
weir,  but  it  is  most  important  as  evidence  of  the  probability — 
amounting  almost  to  a  certainty — that  the  older  and  simpler 
formula  of  Weisbach  may  be  substituted  with  advantage  for  the 
later  and  more  complicated  expressions  which  have  come  into 
such  extensive  use,  during  recent  years,  in  the  measurement  of 
flows  of  great  volume  and  over  very  large  weirs.  The  statement 
of  the  efficiency  found  for  large  centrifugal  pumps  is  also  a  sub- 
ject of  much  interest  to  the  profession,  and  even  the  results  ob- 
tained from  the  singular  construction  which  has  been  oddly 
dubbed  "  Undulating  pump  "  have  some  value. 

I  have  had  some  knowledge  of  the  case,  and  of  the  place  and 
the  circumstances  of  the  test,  and  am  therefore  the  more  con- 
vinced that  this  investigation  will  command  attention  and  repay 
careful  study.  It  happened  that,  when  the  great  work  of  which 
this  forms  a  part  was  in  contemplation,  I  was  employed  to  spend 
some  time  in  Chicago  representing  the  proposing  builders  of  an 
orthodox,  biit,  as  it  turned  out,  greatly  superior  design  of  pumps, 
before  the  commissioners,  and  thus  was  made  somewhat  familiar 
with  the  conditions  and  requirements,  and  while,  as  we  natu- 
rally concluded,  competition  in  cost  rather  than  in  reliability 
and  efficiency  resulted  in  our  defeat,  I  brought  away  a  strong 
impression  of  the  magnitude  and  of  the  importance  of  this  great 
sanitary'  work.  The  pump  experiments  are  interesting,  but  they 
simply  confirm  earlier  investigations  of  the  general  method  of 
variation  of  efficiencies  with  variations  of  speed  of  pump,  and 
the  maximum  attained  is  good.  The  conditions  were  very  favor- 
able to  the  employment  of  that  class  of  apparatus.  The  figures 
here  given  for  efficiency  of  the  two  forms  of  pumps  in  use,  at 
this  time,  further  illustrate  the  dominance  of  the  amateur  over 
the  expert  designer  in  so  many  cases  in  the  public  works  depart- 
ments of  our  municipalities. 

The  working  up  of  the  data  obtained  on  the  final  tests  of 
the  machinery  here  described,  was  a  formidable  and  tedious 
and  nice  piece  of  work. 
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The  opportunities  for  test  of  weirs  of  large  section  and  great 
flow  have  been  very  few,  and  such  experiments  as  these  have 
remarkable  interest  and  value  both  for  their  rarity  and  for  the 
importance  of  the  case.  The  fact,  should  this  evidence  be  fully 
corroborated,  that  the  "Weisbach  formula  is  the  best  available 
for  such  large  work  is  one  Avhich  has  extreme  importance  for  all 
such  work  as  is  here  illustrated.  The  assurance  is  the  more 
welcome  as  the  Weisbach  formula  is  a  comparatively  simple  ex- 
pression and  its  use  is  attended  with  relatively  little  labor. 

The  laboratory  tests  of  notches  seem  to  me  valuable.  They 
are  certainly  ingenious. 

Mr.  Samuel  McElroy. — This  admirably  written  paj^er  joins  the 
class  of  experimental  contributions  to  hydraulic  science  which 
merits  the  thanks  of  all  hydraulic  engineers,  and  the  conclusions 
demonstrated  by  observations  so  well  conducted  are  valuable. 

Science  in  various  ways  has  been  greatly  benefited  by  labora- 
tory experiments  which  define  principles,  but  great  forces  in 
nature,  as  engineers  meet  them,  in  such  a  country  as  ours,  often 
seriously  modify  laboratory  conclusions.  We  need,  then,  on  the 
largest  scale  possible,  carefully  studied  records  of  observations,, 
which,  like  this  Chicago  test,  give  us  additional  facts. 

One  of  the  valuable  points  made  here  is  the  demonstration  of 
the  principle  that  large  sections  have  less  friction  than  smaller 
ones,  with  greater  coefficients  of  discharge.  In  1862  Mr.  Slade 
and  I  claimed,  in  the  Washington  aqueduct  arbitration,  that 
about  45  per  cent,  should  be  added  to  the  standard  formulae 
of  that  date  for  that  structure,  and  actual  proof  of  our  posi- 
tion was  given.  Experiments  continued  in  the  same  line  have 
confirmed  this  theory,  so  that  now  the  coefficient  for  a  "  mean 
hydraulic  radius "  of  1  being  119.28,  in  the  Chezy  formula  a 
"  radius  "  of  4  has  134.42. 

It  is  therefore  quite  in  line  that  a  weir  29.87  feet  long  should 
have  a  coefficient  of  3.53,  where  for  10  feet  the  elaborate  ex- 
periments of  Mr.  Francis  had  a  range  of  3.218  to  3.357.  There 
are  various  reasons  why  this  should  be  so,  one  of  tlie  most 
prominent  being  the  superior  velocity  of  the  central  current 
in  a  wider  and  deeper  stream. 

It  also  takes  no  small  laboratory  incubus  from  the  conditions 
of  wier  flow,  attributed  to  Mr.  Francis,  to  be  reminded  here 
how  admirably  D'Aubuisson  demonstrated  the  weir  formula  as 
identical  with  that  of  the  orifice. 
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There  has  been  also  a  great  deal  of  unnecessary  prominence 
criven  to  "  end  contraction  '•  on  a  weir,  in  any  stream  of  impor- 
tant flow,  due  to  the  niceties  of  Mr.  Francis'  experimental  pre- 
cautions. In  ordinary  practice,  where  a  weir  must  usua  ly  be 
narrower  than  the  stream,  and  where  there  is  the  usual  velocity 
of  approach,  it  will  be  found  that,  instead  of  a  contraction  reduc- 
ing the  practical  length  of  the  weir,  the  water  actually  piles  up 
as"it  passes  over,  and  requires  a  correction  increasing  the  length. 

Another  point  comes  directly  within  the  analysis  of  plain 
dynamic  principles,  and,  where  the  forces  are  at  all  important 
seems  much  underrated;  this  is  the  correction  for  "velocity  of 

approach."  .  „ 

It  is  a  plain  principle  in  dynamics  that  the  junction  ot  two 
forces  in  the  same  direction  gives  their  sum  as  the  resultant. 

It  is  a  plain  principle  in  hydraulics  that  the  flow  of  any  con- 
duit is  the  product  of  its  mean  velocity  into  its  cross-section 
If  then  by  any  process,  this  velocity  is  increased,  there  must 
be  a  cm-responding  increase  in  discharge.  Where  it  takes  one 
foot  head  to  produce  a  velocity  of  8.03  feet  a  second,  slight  veloci- 
ties  have  little  effect,  whereas  important   velocities  must  not 

be  neglected. 

To  avoid  discussion,  I  will  cite  in  illustration  a  single  case  : 
In  A.pril  1869,  the  North  Branch  reservoir,  42  miles  and  1,015. 
feet  above  Lvon's  Falls,  on  the  Black  Kiver,  New  York,  ruptured 
its  dam  in  a  flood,  and  in  about  nine  hours  poured  about  500,- 
000  000  cubic  feet  over  a  dam  505  feet  long,  the  crest  lieight 
being  7.8  feet,  when  the  flow  was  about  57.745  cubic  feet  a  second. 
The  ordinary  formula,  without  correction,  would  be  2  =  3^  x  505  x 
7  85  =  36.336  cubic  feet;  while  the  head  should  be  10.425  feet, 
showing  practically  2.625  above  the  actual  crest,  or  about  Weis- 
bach's  coefficient  of  80  per  cent,  of  the  head,  3.34  feet,  due  to  the 
actual  14.r.6  feet  velocity  of  approach.  In  other  words,  less  the 
proper  coefficient  of  friction  flow,  the  whole  velocity  of  approach 
was  an   addition  to  the  parabola  velocity  of   the  actual   weir 

depth. 

Engineers  who  have  to  deal  with  cases  like  this  find  it  neces- 
sarv  to  give  subordinate  values  to  laboratory  experiments. 

j/y.  Wm.  Kent— I  think  Professor  Carpenter  is  to  be  con- 
gratulated on  having  presented  such  an  admirable  paper.  I 
would  suggest,  if  it  be  possible,  that  he  add  a  footnote,  giving 
a  little  of  the  history  of  this  famous  Bridgeport  pumping  engine. 
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It  is  not  right  that  that  engine  sliould  l)o  allowed  to  pass  into 
oblivion  with  so  little  notice  as  it  has  had.  Some  years  hence 
peojile  going  through  our  transactions  will  find  this  wonderful 
pumping  engine,  and  will  want  to  know  something  more  about 
it.  If  it  could  be  recorded  Avhat  engineers  approved  and 
recommended  it  to  the  Chicago  City  Council,  and  how  the 
Chicago  City  Council  failed  to  consult  a  Board  of  Engineers, 
who  would  have  told  them  not  to  use  that  engine,  it  would  be 
an  interesting  historical  statement.  It  would  be  of  national 
benefit,  I  think,  if  that  historical  statement  could  be  made  and 
given  to  city  councils  in  other  cities  to  show  them  what  low 
economies  they  were  likely  to  make  if  they  did  not  call  in 
boards  of  engineers  to  give  them  advice  in  regard  to  pumping 
engines. 

I  would  like  also  to  ask  Professor  Thurston  if  he  can  tell  us 
the  limits  beyond  which  we  could  use  the  Weisbach  formula, 
and  where  the  Francis  formula  ceases  to  be  usefuL 

,Mr.  H.  H.  Suplee. — In  connection  with  this  subject  of  the 
calibration  of  weirs  I  should  like  to  call  the  attention  of  the 
members  to  the  very  complete  experiments  made  in  France  at 
Dijon  by  M.  Bazin,  because  they  explain  to  a  large  extent  the 
discrepancies  which  appear  in  weir  tests.  He  found  that  the 
coefficient  depended  to  a  large  extent  upon  the  freedom  with 
which  the  air  was  allowed  to  flow  in  behind  the  fall  of  water. 
In  other  words,  if  end  boards  were  used  to  keep  a  parallel  flow 
and  were  carried  down  so  as  to  close  the  ends,  preventing  free 
access  of  air  behind  the  fall,  the  coefficient  was  materially 
changed ;  but  that  when  there  was  free  access  of  air  the  experi- 
ments gave  very  uniform  results,  and  constant  coefficients  were 
obtained.  He  experimented  on  quite  a  large  scale,  and  his 
paper  has  been  translated  by  Mr.  Trautwine,  and  is  to  be  found 
in  the  transactions  of  the  Engineers'  Club  of  Philadelphia.  I 
think  he  uses  the  Francis  formula ;  I  am  not  quite  certain.  But 
he  made  a  number  of  tests,  and  a  large  number  of  coefficients 
were  determined,  and  he  found  that  he  could  vary  them  very 
materially  by  simply  ofi^ering  the  freedom  of  access.  There  is 
a  suction  which  tends  to  draw  air  in  behind  the  fall.  Those 
who  have  been  at  Niagara  Falls  know  what  suction  there  is 
behind  the  fall  there,  and  the  same  thing  occurs  to  a  greater  or 
less  extent  in  weir  tests,  and  very  materially  affects  the  results. 
Mr.  Kent. — Did  not  Francis  point  that  out  too? 
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Mr.  Suplee. — To  some  extent,  I  believe. 

Professor  Thurston. — I  should,  myself,  use  the  Weisbach 
formula  from  the  limit  zero,  up,  because  if  it  is  correct  iu  large 
values  it  canuot  be  very  far  wrong,  I  am  sure,  with  small. 

Prof.  P.  C.  Carpenter.^ — In  reply  to  the  request  of  Mr.  William 
Kent,  the  author  would  state  that  the  following  facts  in  relation 
to  the  "  Undulating "  pump  were  kindly  furnished  by  John 
Ericson,  City  Engineer  : 

"  The  pumps  were  contracted  July  8, 1892,  the  work  to  be  com- 
pleted by  July  9,  1893,  at  a  cost  of  $21,931  per  set  of  two  pumps. 
The  engineer  for  the  contractors  was  Henry  Walsh  ;  the  official 
name  of  the  contractors  was  the  Courtright  Machinery  Company, 
with  works  at  South  Haven,  Michigan.  The  contract  called  for 
four  sets  of  Courtright  Undulating  Sewerage  Pumps  with  a 
capacity,  when  engine  was  running  100  revolutions  per  minute 
at  90  pounds  steam  pressure,  of  25,000  cubic  feet  per  minute 
against  a  6-foot  head  per  set  of  two  pumps,  or  20,000  cubic  feet 
per  minute  against  an  8-foot  head.  Pumps  and  engine  were  to 
pump  quantity  as  stated,  and  contractors  were  to  keep  them  in 
prime  condition  (repairs  on  account  of  ordinary  wear  and  tear 
excepted)  for  a  period  of  twelve  months  after  final  acceptance. 
The  test  of  July,  1893,  the  results  of  which  are  given  in  the  paper, 
prove  the  pumps  unsatisfactory  in  all  respects,  making  it  neces- 
sary to  take  them  out  and  replace  the  old  ones  in  the  latter  part 
of  1893." 

In  the  settlement  of  the  dispute  connected  with  the  failure  to 
meet  contract  requirements,  the  author  was  informed  that  the 
contractor  claimed  that  his  failure  to  obtain  the  guaranteed 
capacity  was  largely  due  to  the  fact  that  the  engine  made  only 
41.1  revolutions  per  minute  instead  of  100,  as  required  by  the 
contract,  entirely  overlooking  the  fact  that  this  low  speed  was 
due  to  the  overloaded  condition  of  the  engine.  Tiie  test  shows 
an  efficiency  of  about  13  per  cent,  less  than  obtained  at  best  speed 
with  the  centrifugal  pump ;  this  serves  to  show  the  impossibility 
of  securing  the  required  power  from  the  engine  in  the  station  to  run 
the  pair  of  "Undulating"  pumps  at  100  revolutions,  since  it  was 
barely  able  to  move  the  pair  of  centrifugal  pumps  at  that  speed. 

There  seems  to  be  little  evidence  as  to  the  methods  brought  to 
bear  upon  the  Chicago  City  Council  in  1892  to  obtain  a  contract, 

*  Author's  closure,  under  the  Rules. 
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but  it  is  quite  probiible  that,  had  it  uot  beeu  for  a  change  in  city 
administration  and  city  officials  between  the  time  of  letting  the 
contract  and  the  completion,  the  mistake  might  have  been  greater 
and  all  the  centrifugal  pumps  at  the  Bridgeport  Station  replaced 
by  the  ''Undulating"  or  Courtright  pump. 

During  the  time  of  the  test  the  pumps  were  running  irregu- 
larly and  only  at  part  capacity,  and  Chicago  Kiver  became  so 
foul  in  consequence  as  to  excite  considerable  attention  from  the 
residents  and  newspapers.  The  steamboat  lines  having  their 
docks  near  the  mouth  of  the  river  complained  bitterly  of  loss  of 
business  because  of  tlie  unbearable  stench,  and  threats  were  made 
that  an  injunction  would  be  obtained  restraining  the  construction 
of  the  weir  and  the  completion  of  the  test.  For  these  various 
reasons  the  construction  of  the  weir  was  rapidly  pushed  to  com- 
pletion and  the  test  continued  night  and  day  until  finished.  The 
weir  was  then  blown  out  of  place  by  dynamite,  and  the  pumps  in 
the  station  started  at  full  capacity.  This  partial  stoppage  of  the 
sewage  pumping  station  indicates  the  vital  importance  of  the  sta- 
tion to  the  health  of  the  city. 

In  relation  to  the  discussion  by  Mr.  S.  McElroy,  the  author 
would  say  that  the  writer  is  under  obligations  for  the  concurrent 
facts  which  are  given  and  which  tend  to  establish  the  fact  that 
long  weirs  have  greater  coefficients  of  flow  than  short  ones. 
This  is  doubtless  due  to  the  increased  strength  of  the  central 
current,  and  this,  in  turn,  is  probably  due  to  the  greater  suction 
at  the  centre  of  the  weir.  In  a  long  weir  all  the  air  beneath  the 
overfall  must  enter  at  the  ends,  and  although  in  the  weir  in 
question  the  end  space  was  of  no  little  magnitude,  yet  it  is  quite 
possible  that  the  atmospheric  pressure  directly  beneath  the  centre 
of  the  overflow  may  have  been  sufficiently  less  than  that  at  the 
ends  to  make  a  virtual  increase  in  the  head  at  the  centre. 
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DCCLXIV.  * 

REDUCTIOy  IN   COST   OF   STEAM   POWER  FR03I 

1870  TO  1897. 

BY  F.  W.  DEAN,  BOSTON,  SfASS. 

(Member  of  the  Society.) 

In  the  year  1870  the  most  economical  steam  engine  in  use  in 
mills  was  the  Corliss  simple  condensing  engine,  which  used  nine- 
teen or  twenty  pounds  of  steam  per  horse-power  per  hour. 
Previous  to  that  time  compound  engines  had  been  used  in  Eng- 
land in  mill  practice,  and  simple  engines  had  in  many  cases 
been  changed  to  compound.  In  this  country  compound  pump- 
ing engines  had  been  used  to  a  very  limited  extent,  notabl}-  the 
Worthington  direct-acting  tandem  duplex  compound,  the  first  one 
of  which  was  put  in  at  the  Charlestown,  Mass.,  water  works  in 
1863,  and  the  installation  of  the  Morris  engine  at  Lowell  and 
the  Leavitt  engine  at  Lynn  are  well-known  examples  of  them  in 
the  early  part  of  the  period  which  we  are  considering.  The 
Lowell  engine  was  of  the  Simpson  type,  so  named  from  the 
Simpsons,  of  London,  who  originated  the  arrangement  of  two 
compound  cylinders  with  different  lengths  of  strokes  under  one 
end  of  a  beam.  It  is  known  as  the  Morris  engine  from  Henry 
G.  Morris,  the  builder,  but  its  design  is  due  to  the  late  Eobert 
Briggs,  of  Philadelphia. 

The  Pawtucket  pumjDing  engine,  built  by  George  H.  Corliss, 
and  started  on  June  30,  1878,  is  another  important  example  of 
economical  jDumping  engines,  and  probably  was  the  most  eco- 
nomical steam  engine  which  had  been  built  up  to  that  time, 
having  used  less  than  14  pounds  of  dry  steam  per  indicated 
horse-power  per  hour. 

AVhile  these  engines  are  not  mill  engines,  they  influenced  the 
practice  of  builders  of  mill  engines,  and  can  properly  be  consid- 
ered with  them.     Pumping  engines  have  heretofore  been  the 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  "Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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leaders  in  economj,  but  at  present  the  best  pumping  and  mill 
engines  are  practically  equally  economical. 

Of  course,  the  greatest  single  step  in  economy  was  the  intro- 
duction of  the  compound  engine. 

At  the  present  time  we  may  cite  the  Louisville  pumping  en- 
gine and  several  mill  engines,  one  or  more  at  Grosvenor  Dale, 
Conn.;  Natick,  R.  I.;  West  Boylston,  Mass.;  Berkley,  R.  I.,  and 
Lawrence,  Mass.,  as  being  about  on  a  par,  and  rej)resenting  the 
best  commercial  economy. 

In  1873  the  most  economical  compound  engines  used  about 
16^  pounds  of  steam  per  indicated  horse-power  per  hour,  as 
shown  by  tests  of  the  Lynn  and  Lawrence  pumping  engines, 
which  then  established  new  records  for  duty.  Improvements 
in  methods  of  using  steam  were  made  until  it  is  now  as  easy  to 
design  an  engine  to  use  less  than  13  pounds  of  feed  water  23er 
horse-power  per  hour  as  it  was  to  use  as  little  as  16  pounds  in 
1875. 

At  this  date  steam  jackets  were  common,  and  were  used  in  all 
engines  which  gave  the  most  economical  performances.  The 
steps,  however,  that  lowered  the  steam  consumption  of  com- 
pound engines  from  16  pounds  to  14  pounds  ^^er  indicated  horse- 
power per  hour  were  largely  the  introduction  of  a  cut-off  on  the 
low-pressure  cylinder  and  a  reheating  receiver  between  the  cyl- 
inders. Although  the  reheater  was  invented  by  the  late  E.  A. 
Cowper,  of  London,  in  1862,  so  far  as  I  know,  it  was  first  used  in 
this  country  by  E.  D.  Leavitt  in  his  engines  for  the  Calumet  & 
Hecla  Mining  Co.,  and  is  regarded  by  him  as  one  of  the  most 
important  causes  of  the  economy  of  his  engines. 

These  features  appear  to  have  been  the  princijDal  means  of 
lowering  economy  to  14  pounds  of  steam  ;  but  to  Avhat  are  we  to 
attribute  the  step  to  13  pounds  ?  Clearance  is  well  known  to 
be  an  important  factor,  and  its  reduction,  especially  in  the  last 
cylinder  of  a  series,  is  important  for  economy.  It  is  receiving 
constant  attention  from  careful  designers,  and  its  reduction  is  a 
constant  source  of  gain. 

The  13-pound  mark  has  also  been  reached  by  an  increase  in 
steam  pressure  with  resulting  increase  in  the  number  of  expan- 
sions. In  some  cases  a  reduction  in  the  size  of  the  higli-pres- 
sure  cylinder  has  doubtless  contributed  toward  economy,  by 
means  of  which  smaller  surfaces  are  exposed  to  the  boiler  steam 
than  would  otherwise  be  the  ease.      This   carries  with  it  a  pro- 
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portional  reduction  of  initial  condensation  in  the  cylinder  which 
is  most  prolific  in  this  cause  of  waste. 

Still  further,  the  13-pound  mark  has,  in  general,  l>een  attained 
by  engines  Avhicli  have  a  low-pressure  cylinder  larger  for  the 
work  to  be  done  than  is  commonly  the  case,  so  that  the  mean 
effective  pressure  referred  to  the  low-pressure  cylinder  is  in 
the  vicinity  of  21  pounds.  There  are  occasional  exceptions, 
as  in  the  case  of  the  Louisville  engine,  which  Avorked  with  a 
mean  effective  pressure  referred  to  the  low-pressure  cylinder  of 
25  pounds.  Such  cases  are  exceptional,  and  their  economy  can 
be  attributed  to  great  perfection  of  detail. 

It  will  in  general  be  observed,  however,  whatever  iia&j  be  said 
of  other  causes,  that  most  of  the  extreme  cases  of  economy  are 
those  in  which  a  good  vacuum  has  been  maintained.  This  leads  me 
to  say  that  the  importance  of  good  vacuums  is  often  not  appre- 
ciated, and  that  air  pumps  and  condensers  are  as  often  too  small. 

There  is  a  strong  tendenc}^  nowadays  to  underrate  steam 
jackets,  but  I  believe  that  in  every  case  where  they  have  been 
wasteful,  or  where  their  econofny  is  indifferent,  at  all  events 
with  ordinary  speeds,  an  examination  would  show  that  the 
jackets  are  air-bound,  water-logged,  blowing  through  traps,  or 
that  the  jacket  piping  is  bare,  and  thus  steam  for-lieating  the 
building  is  charged  to  the  engine.  Such  an  arrangement  of  pipes 
can  furnish  but  indifferent  material  for  giving  up  latent  heat  to 
the  working  fluid  within  the  cylinders,  and  is,  in  fact,  absurd. 

The  effect  of  reheaters  in  drying  out  steam  Avhich  issues  from 
a  preceding  cylinder  and  in  superheating  it  to  60  degrees  or 
90  degrees,  as  is  often  the  case,  for  use  in  the  next  cylinder, 
cannot  be  otherwise  than  advantageous,  for,  as  Professor  Thurs- 
ton shows  in  his  paper  of  1894:  before  this  Society,  heat  so 
added  to  the  working  fluid  saves  much  more  steam  than  was  con- 
densed to  liberate  this  heat. 

While  these  considerations  are  very  general,  they  are  neces- 
sarily so,  for  nobody  can  attribute  to  any  one  of  the  features 
named  its  proper  effect.  Moreover,  their  combinations  are  very 
varied. 

Whatever  may  be  said  pro  and  con  on  this  subject,  it  cannot 
be  denied  that  the  best  results  have  been  obtained  from  engines 
equipped  with  jackets  and  reheaters. 

Considering  economies  effected,  it  is  safe  to  say  that,  without 
including  triple- expansion  engines,  steam  economy  has  steadily 
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decreased  from  20  pounds  to  12  A   pounds  per  indicated   horse- 
power between  1870  and  1897.     This  corresponds  to  a  saving  of 

,j^r-^  =  37A  per  cent. 

Within  this  period  of  twenty-seven  years  the  use  of  exhaust 
steam  has  extended  in  various  mills,  such  as  cotton,  woollen, 
and  jjaper  mills,  so  that  in  some  mills  the  cost  of  steam  power 
is  next  to  nothing. 

Economies  of  this  kind  are  not  confined  to  the  use  of  the  ex- 
haust of  non-condensing  engines,  for  since  1895  the  writer's  firm 
has  had  installed  at  the  Washington  Mills,  Lawrence,  Mass.,  a 
large  surface-condensing  vertical  compound  engine,  the  rejected 
heat  of  which  is  utilized.  In  this  mill  large  quantities  of  w^arm 
water  are  used  in  the  dye-house,  which  has  heretofore  been 
heated  by  exhaust  and  direct  steam.  Now  the  circulating  water 
of  the  new  engine  is  sent  from  the  condenser  to  the  dye- 
house  by  the  circulating  pump  at  about  the  temperature  re- 
quired. In  this  case  the  rejected  heat  of  the  engine  is  just  as 
efi^ectively  used  up  as  it  would  be  if  the  engine  were  non-con- 
densing and  sending  its  exhaust  to  the  dye-house.  There  are 
advantages,  moreover,  in  the  compound  surface-condensing  en- 
gine, for  there  is  less  rejected  heat  to  use,  with  consequent  dimin- 
ished chance  for  waste,  and  there  is  less  heat  lost  by  radiation 
from  a  pipe  full  of  warm  water  than  from  one  full  of  steam. 
This  constitutes  one  of  the  latest  forms  of  recent  economies.  It 
may  be  mentioned  incidentally  that  by  the  surface-condensing 
engine,  oil  is  kept  out  of  the  dye-house  and  away  from  the  cloth. 
The  air-pump  discharge,  being  small  in  volume,  and  containing 
all  of  the  cylinder  oil,  can  be  easily  taken  care  of  in  any  way 
which  appears  to  be  advantageous. 

What  is  there  to  be  said  concerning  boilers  within  the  period 
that  we  are  considering? 

The  horizontal  return  tubular  boiler  is  still  the  standard  *  of 
the  country,  and  will  probably  so  remain.  It  is  cheap,  and,  if 
properly  built,  it  is  safe.  As  its  tube-heating  surface  can  be 
effectively  blown  with  steam  with  the  certainty  that  the  jet  will 
strike  every  part  thereof,  and  as,  furthermore,  its  tubes  can  be 
effectively  scraped  at  any  time  without  taking  the  boiler  out  of 
service,  it  must  necessarily  be  more  economical  than  any  of  the 

*  By  "  standard  "  is  meant  the  favorite  and  most  commonly  employed  boiler. 
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numerous  water-tube  boilers  wLich  are  now  being  introduced. 
Tlie  fire  surfaces  of  the  latter  can  only  be  indifferently  blown, 
and  tliey  cannot  be  scraped  at  all  unless  the  boiler  is  cooled 
down,  and  in  general  it  cannot  then  be  done  with  anything  ap- 
proaching thoroughness. 

There  is  scarcely  any  improvement  to  be  noted  in  the  hori- 
zontal return  tubular  boiler  during  the  last  twenty-seven  years 
as  far  as  economy  is  concerned,  but  I  believe  that  grates  have 
been  improved  to  a  measurable  extent,  resulting  in  an  economy 
of  perhaps  2  per  cent. 

My  own  exj^erieuce  teaches  me  that  the  internally  fired  boiler, 
either  of  the  locomotive  or  vertical  type,  will  save  under  equal 
conditions  some  7  per  cent,  of  coal  compared  with  the  horizontal 
return  tubular  boiler,  besides  causing  an  important  economy  in 
doing  away  with  brickwork. 

Mr.  Bryan  Donkiu,  in  a  recent  paper  before  the  Institution  of 
Civil  Engineers,  in  discussing  boiler  economies,  says  :  "  Gener- 
ally speaking,  internally  fired  boilers  give  a  higher  efficiency 
than  those  externally  fired.  The  old  and  well-known  locomotive 
tyjoe,  with  smoke  tubes  and  induced  draught,  stands  high  as  a 
very  economical  steam  generator."  Such  praise  from  so  careful 
an  investigator  as  Mr.  Doukin  should  carry  great  weight. 

Within  twenty-seven  years  economizers  for  heating  feed  water 
in  smoke  flues  have  become  common.  Although  subject  to  a 
rather  large  depreciation,  in  the  general  case  they  will  save 
about  7  or  8  per  cent,  of  coal. 

There  are  economies  to  be  obtained  from  the  use  of  vertical 
engines.  These  come  from  reduction  of  friction,  reduction  of 
repairs  to  cylinders  and  pistons,  and  diminished  cylinder  oil 
consumption.  It  w^ould  not  surprise  me  if  there  were  a  net 
saving  of  5  per  cent,  bv  reduced  friction  of  a  vertical  compound 
compared  with  a  horizontal  engine. 

Summing  up  the  various  items  that  have  been  mentioned,  the 
following  may  be  jjresented  as  the  economies  of  the  jjeriod  from 
1870  to  1897  • 


Saving  due  to  compounding,  jackets,  relieaters,  iiigher 

pressure.s,  and  greater  expansions 37  per  cent. 

Due  to  vertical  engines 5  "  " 

Due  to  vertical  internally  fired  boilers 7  "  " 

Due  to  economizers 7  ' '  " 

Due  to  improved  grates 2  "  " 

20 
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As  these  economies  coiild  }iot  be  sinmltaueously  applied  to 
tlie  orio;inal  condition  of  a  mill,  tlieir  sum  is  not  a  result  whicli 
could  have  been  realized  in  any  case. 

With  these  important  economies  having  been  brought  about 
during  twenty-seven  years,  the  question  arises,  Are  there  any 
compensating  disadvantages  ? 

It  is  easy  to  show  that  there  are  not,  for — 

First.  The  first  cost  of  a  cross  compound  condensing  engine 
is  no  greater  than  that  of  a  pair  of  simple  condensing  engines 
twenty-seven  years  ago,  on  account  of  improved  tools  and 
processes  and  reduced  prices  of  materials. 

Second.  Interest  charges  are  less  than  they  were  twenty-seven 
years  ago. 

Third.  The  depreciation  of  engines  is  less  than  it  was  twenty- 
seven  years  ago,  on  account  of  better  materials,  better  workman- 
ship, better  oil,  and  better  means  of  applying  oil.  Vertical 
engines  will  render  the  depreciation  of  cylinders,  pistons,  pis- 
ton rods,  piston-rod  packing,  and  crossheads  less  than  similar 
parts  in  horizontal  engines. 

Fourth.  The  reduction  in  the  number  of  boilers  required  by 
some  33  per  cent,  for  a  given  power  within  twenty-seven  years 
carries  with  it  many  reduced  charges,  such  as  first  cost,  interest, 
repairs,  depreciation,  insurance,  taxes,  cost  of  boiler-houses,  cost 
of  attendance,  and  various  lesser  items. 

Fifth.  Present  boiler-building  practice  is  superior  to  the  old, 
so  that  high  pressures  are  now  as  safely  and  comfortably  car- 
ried as  the  lower  pressures  of  1870.  Better  materials,  longer 
plateS;  and  fewer  joints,  butt  joints  of  high  efficiency  and  main- 
taining the  circular  form  with  changes  in  pressure,  drilled  holes, 
hydraulic  riveting,  and  round-tool  caulking  render  it  as  safe  to 
carry  200  pounds  or  more  as  any  lower  pressure. 

Sixth.  I  might  include  reductions  in  cost  due  to  handling  coal 
by  conveyers  for  large  plants  and  by  mechanical  stokers.  Con- 
veyers are  in  some  cases  very  economical,  but  mechanical 
stokers  are  of  doubtful  value,  speaking  generally.  The  greatest 
efficiency  of  the  conveyer  is  to  be  found  in  connection  v\^ith  the 
mechanical  stoker. 

So  far  the  only  steam  engine  considered  is  the  compound 
engine.  This  engine  has  recently  been  found  capable  of  utiliz- 
ing the  higher  pressures  much  more  economically  than  was  for- 
merly suspected.     It  has  therefore  diminished  the  advantage  of 
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the  triple-expansiou  engine  to  such  an  extent  that  the  hitter  has 
met  with  something  of  a  setback.  I  believe,  however,  that  the 
triple  engine  is  still  to  be  common  when  pressures  begin  to  ex- 
ceed ]  60  pounds  of  steam,  and  its  undoubted  advantage  at  sea 
gives  evidence  that  it  will  be  no  less  on  land.  Within  a  year  or 
two  an  interesting  and  instructive  comparison  can  be  made  be- 
tween two  pumping  engines,  one  compound  and  one  triple,  both 
to  use  1S5  pounds  of  steam  and  designed  on  the  same  lines  by 
Mr.  Leavitt. 

It  seems  probable  that  the  relative  economies  of  the  compound 
engine,  using  160  pounds,  and  the  triple,  using  185  pounds  of 
steam,  are  to-day  represented  in  the  very  best  practice  by  12^ 
pounds  of  steam  and  111-  pounds  of  steam  respectively  per 
indicated  horse-power  per  hour.     This  corresponds  to  a  saving 

X21— 111 

of  -  ^^^    ^  =  8.16  per  cent.,  which  is  a  paying  saving. 

1.^4 

Very  careful  attention  should  be  paid  to  the  kind  and  con- 
dition of  steam  valves  used  in  engine  cylinders,  for  leaky  valves 
can  readily  nullify  the  advantage  which  may  be  derived  by  any- 
thing which  can  be  done  to  contribute  to  economy  in  the  general 
design. 

The  future,  so  far  as  we  can  now  see,  offers  us  highly  su^jer- 
heated  steam  for  further  means  of  economy.  The  technical 
papers  have  frequent  accounts  of  the  use  of  such  steam  in  Ger- 
many, and  published  tests  (See  Engineering,  pp.  113,  391,  1895) 
show  that  a  small  Schmidt  "  motor"  has  used  10.17  pounds  of 
steam  per  indicated  horse-power  per  hour.  It  would  seem  that 
we  have  a  right  to  anticipate  in  the  early  future  a  steam  rate 
of  10  pounds  by  means  of  superheated  steam  in  the  best  designed 
engines.     Compared  with  the  lowest  rate  thus  far  mentioned, 

this  corresponds  to  a  saving  of  — ~-j — =11.11  per  cent. 

IJ-T 
We  have  also  in  anticipation  the  use  of  very  high  steam  pres- 
sure and  quadruple-expansion  engines  as  built  experimentally 
at  Cornell  University  and  described  by  Professor  Thurston 
last  year  before  this  Society.  If,  however,  steam  can  be  so 
highly  superheated  that  expansion  in  one  cylinder  will  not  cause 
condensation,  nor  even  the  saturated  condition  until  the  time  of 
exhaust,  as  was  the  case  in  the  Schmidt  motor,  extreme  econ- 
omy may  be  obtained  without  resort  to  the  multiple-expansion 
engine. 
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The  economies  thus  far  mentioned  relate  to  improvements  in 
engines  and  boilers  ;  but  one  of  the  greatest  economies  results 
from  the  low  cost  of  coal  at  present  in  Lowell,  Lawrence,  and 
similarly  located  towns. 

The  prices  of  coal  in  these  places  every  five  years  were  as 
follows  : 

Yenr.  Price.  Kind  of  Coal, 

1870 $7.10 Anthracite. 

1875 7.20 

1880 4.75 Bituminous. 

1885 4.25 

1890 4.65 

1895 3.85 .„ 

These  prices  show  a  saving  from  1870  to  1895  by  themselves 
of  about  46  per  cent. 

I  shall  now  consider  the  actual  figures  making  up  the  cost  of 
a  mill  steam  plant,  and  its  cost  of  oj)erating,  say,  of  1,000  horse- 
power in  most  mill  towns  in  the  State  of  Massachusetts  away 
from  tide -water. 

The  very  best  steam  plant  of  this  power  twenty-seven  years 
ago,  including  a  pair  of  simple  condensing  engines  using  20 
pounds  of  steam,  boilers  evaporating  8  pounds  of  water  on  total 
coal  used,  buildings,  chimney,  and  all  accessories,  cost  $70 
a,n  indicated  horse-power. 

The  fixed  charges  on  such  a  j)lant  were  interest  at  6  per  cent., 
depreciation  at  4  j)er  cent.,  repairs  at  2  per  cent.,  insurance  at  1 
per  cent.,  or  a  total  of  13  per  cent. 

13  per  cent,  of  $70  is $9.10 

Coal   at   2.50  lbs.*  per  I.H.P.    per    liour,  @    $7.10    a    ton, 

2.50  lbs.  X  10  hrs.  x  308  days  x  $7.10_  „ .  .. 

2,240 

A.,      •,  ,    -T        <  3  day  men®  $1.50      ^  $Gx308_ 

Attendance,  boilers  .  ^  ^.^^^  ^^^  ^^  ^^  g^  ^  TOOO""  ^'^^ 

..^      ,  .       \  1  engineer  r«)  $3.00 1  $5x308  , 

Attendance,  engme  •,  ^  ^J^^.^^t  ^^  |2.oo  f     I7)00~=  ^'^^ 

Oil,  waste,  and  supplies 1.25 

$38.14 

The  very  best  plant  of  1,000  horse-power  can  be  installed  to-day 
complete,  including  buildings,  chimney,  compound  engine  using 
12.5  pounds  of  steam,  boilers  evaporating  9  pounds  of  water  on 
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total  coal  used,  economizers,  and  all  accessories,  for  $57  per 
indicated  liorse-power. 

Such  a  plant  can  run  on  1.4  pounds  of  coal  per  indicated 
horse-power  per  hour  for  total  coal  consumed. 

The  fixed  charges  are  interest  at  5  per  cent.,  average  depre- 
ciation 3^  per  cent.,  repairs  2  per  cent.,  insurance  and  taxes  1 
per  cent.,  or  a  total  of  11^  per  cent. 

Hi  per  cent,  of  $57  is ^6.55 

Coal  at    1.4    lbs.    per    I.H.P.    per    lir.,  @ .  |3.85    a    ton, 
1.4xl0x308x$3.85_  741 

2,240 

,    .,       (2  day  men  @  $1.50      )  .$4.50  x  308 _  gg 

Attendance,  boilers  -^  j  ^^j^i^^  ^^^n  @  $1.50  f       1,U00      ~ 

.       (  1  engineer  («)  $3.50  }  $5.50  x  308 _  ^  gg 

Attendance,  engine  ^  ^  j^ggigtant  @  $2.00  )"       1,000      ~ 

Oil,  waste,  and  supplies -^^ 

$17.84 

Saving  in  27  years  in  first  cost,  '^     r.^^     =  18.6  per  cent. 

$38.14-$17.84  ^„  ^^,,  ^. 

Saving  in  27  years  in  operation,  ^ ^^j^ =  53  pei  cent. 

On  the  supposition  that  superheated  steam  can  reduce  the 
steam  consumption  to  10  pounds  per  indicated  horse-power  per 
hour,  and  that  the  combined  efficiency  of  boilers  and  econo- 
mizers is  not  affected  thereby,  the  cost  of  installation  of  1 
horse-power  can  still  be  taken  at  $57. 

The  cost  of  coal  per  I.H.P.  will  be: 

1.11  lbs.  X  10  brs.  x  308  ds.  x  $3.85_  |5_gg 

^           2^240 
Other  charges  will  be ___ 

Total *16=^1 

This  makes  a  saving  of  yearly  charges,  compared  with   the 

„  $17.84 -$16.31       Qj  X 

best  present  plant,  of  ^^^^^17^4 '  =  ^i  pei"  cent. 

Some  actual  costs  of  a  yarn  mill  in  Massachusetts  built  in 
1889  are  as  follows  : 

Cost  per  n.P.  of  engine  (compound) ^$60.. 50 

Total  coal  burnt  per  year 2,674  tons. 

Average  I.H.P.  for  the  year •  ■'^^'^^  I.H.P. 

Total  coal  burnt  for  power,  heating  mill,  and  banking 

fires,  per  I.H.P.  per  hour l-'^S  lbs. 

During  the  six  months  when   no  heating  was  done,  the 

coal  used  per  I.H.P.  per  Lour  was 1-65  lbs. 
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The  cost  of  operating  a  liorse-power  per  year  was  as  follows, 
assumiug  11^  per  cent,  fixed  charges  : 

Total  cost  of  phuit,  $66,600,  at  Hi  per  cent $7,659.00 

Coal,  3,074  tons,  at  $4.75  per  ton 12,701.00 

Attendance  $8.85  a  day  x  308  days 2,725.80 

Oil,  waste,  and  supplies  312.00 

Total  cost  of  power $23,397.80 

Average  horse-power  per  year 1,132  I.H.P. 

Cost  per  I.H.P.  per  year $20.67 

Cost  corrected  for  coal  used  in  beating  mill $20.01 

The  following  figures  were  given  in  tlie  Engineei'ing  Record 
for  March  14,  1896,  for  the  Stevens  linen  mill,  Webster,  Mass. 
The  engine  is  a  compound,  and  was  indicated  morning  and 
afternoon  every  working  day  throughout  the  year,  and  the  coal 
is  that  used  for  all  purposes  throughout  the  year. 


180.3. 

1894. 

1895. 

Average  I.H.P.  for  the  year, 

381 

393 

896 

H.P.,  hours          "     " 

1,042,221 

893,792 

1,076,134 

Coal,  lbs.              "     " 

1,831,700 

1,493,243 

1,775,720 

Average  coal  per  I.H.P.  per 

hour,  lbs. 

1.76 

1.67 

1.65 

In  order  to  place  them  in  the  pages  of  the  Transactions  of  the 
Society,  and  as  illustrating  a  recent  steam-engine  performance, 
I  add  the  results  of  two  trials  of  a  high-class  steam  engine  built 
within  the  last  year.  Considering  the  steam  pressure  used,  it 
is  the  best  performance  of  which  I  know. 

The  engine  is  at  the  mills  of  the  Atlantic  Cotton  Mills, 
Lawrence,  Mass.,  and  the  trials  were  made  on  February  17 
and  18,  1897,  by  the  writer. 

The  engine  was  built  by  the  Mcintosh  &  Seymour  Engine 
Co.,  of  Auburn,  N.  Y.,  and  is  a  vertical  cross  compound,  having 
its  shaft  a  part  of  the  water-wheel  shaft.  It  is  provided  with 
gridiron  inlet  and  exhaust  valves  on  both  cylinders,  and  auxiliary 
cut-off  valves  of  the  same  kind  on  both  cylinders.  The  valves 
have  positive  motions  throughout,  and  the  points  of  cut-off  are 
determined  on  both  cylinders  by  a  shaft  governor. 

The  high-pressure  cylinder  is  jacketed  throughout  by  steam 
of  boiler  pressure,  and  there  are  reheating  coils  in  the  receiver, 
through  which  live  steam  of  boiler  pressure  circulates.     The  low- 
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pressure  cylinder  is  unjacketed.  During  both  tests  the  con- 
densations from  the  jacket  and  reheater  Avere  weighed  together 
on  platform  scales,  the  amounts  of  which  are  stated  below. 
The  temperature  of  the  condensation  was  determined  some  30 
feet  from  the  reheater.  The  boilers  supplied  steam  to  nothing 
but  the  engine. 

A  feed-water  heater  was  placed  in  the  low-pressure  exhaust 
pipe  near  tlie  low-pressure  cylinder,  and  the  temperatures  of 
the  water,  as  it  entered  and  left,  were  taken  for  the  purpose  of 
the  information  gained  thereby',  plthough  it  had  no  relation  to 
the  contract  for  the  engine.  For  the  same  reason  the  jacket 
and  reheater  condensations  were  determined. 

The  feed  water  was  weighed  on  accurate  scales  by  an  expe- 
rienced man. 

The  indicator  springs  were  tested  under  steam  on  the  govern- 
ment apparatus  at  tlie  Brooklyn  Navy  Yard. 

The  engine  was  taken  in  its  every-day  working  condition,  and 
the  results  are,  so  far  as  I  can  see,  being  duplicated  in  regular 
operation. 

After  the  trial  the  diameters  of  the  cyliudei's,  while  hot,  were 
measured  and  the  lengths  of  the  strokes  determined. 

In  the  table  it  will  be  noticed  that  the  temperature  of  the 
injection  and  feed  waters  is  stated  as  32  degrees  Fahr,  While 
this  is  unusually  low,  it  was  determined  by  five  different  high- 
grade  thermometers,  all  of  which  gave  the  same  result.  As 
the  water  in  the  river  and  canal,  from  which  these  waters  came, 
was  covered  with  ice,  its  temperature  must  have  been  almost 
exactly  32  degrees. 

The  following  are  the  leading  dimensions  of  the  engine,  and 
the  result ; 

DiMENSIOXS   OF   THE   ENGINE. 

Diameter  of  the  liigh-pressure  cylinder 24.031  in. 

"     "  low  •'  "       48.081    " 

"         "     "high         "     piston  rod 5.00    " 

"     "  low  "         "         "   5.00    " 

Ratio  of  piston  areas 4  to  1 

Stroke  of  each  piston 48.00  in. 

Revolutions  per  minute about  100  revs. 

Piston  speed  "       '•   about  800  ft. 
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9. 

10. 
11. 


13. 
13. 
14. 
15. 

16. 

17. 
18. 
19. 
20. 


21. 

23. 


23. 

24. 
25. 

26. 

27. 


28. 
29. 

30. 
31. 
32. 
33. 

34. 


Results  of  Trials. 

1st  Trial.  2d  Trial. 

Duration 5.079  hrs.        5.583  brs. 

Number  of  revolutions  per  minute 100.704  revs.  99.033  revs. 

AvER.iGE  Temperatures. 

Of  external  air 37  cleg.  42  deg. 

engine  room 65     "  65 

steam  near  high-pressure  cylinder 359     "  371 

"     low         "  "      .312     "  309 

jacket  and  reheater  drain 342     "  341 

injection  water 32     "  32 

condenser  discharge 56     "  66 

feed  water  before  entering  heater 32     "  32 

"         "      after  leaving  "      94    "  101 


Average  Pressures. 

Of  atmosphere  by  barometer 14.67  lbs. 

"   steam  at  engine  by  gauge 123.00    " 

"      "       "        "       absolute 137.67   " 

"   initial   in  low-pressure  cylinder   above   atmos- 
phere from  indicator  diagrams 10.00    " 

"   initial    in    the   low-pressure   cylinder   absolute 

from  indicator  diagrams 24.67   " 

Vacuum  by  test  gauge 28.00  in. 

Mean  effective  pressure  in  high-pressure  cylinder.  33.69  lbs. 
"           "               "          "  low-pressure        "         .   11.19    " 
"           "              "          reduced    to    low-pressure 
cylinder 19.61    " 

Superheat. 

Superheat  near  high-pressure  cylinder 7.5  deg. 

"    low        "  "        74       '• 


14.02  lbs. 
123.00    " 
137.62    " 

14.50    " 

29.12    " 
27.10  in. 
43.92  lbs. 
13.91    " 

24.89    '» 


20  deg. 
61    " 


Powers. 

Power  developed  by  high-pressure  cylinder 365.2  H.  P.  470.6  H.  P. 

"      low         "          "    "       492.9       "  605.8      " 

Total  horse-power 858.1       "     1,070.4      " 

Per   cent,   of   power   developed   by  high-pressure 

cylinder 42.5  43.7 

Per  cent,  of   power   developed    by    low-pressure 

cylinder 57.5  56.3 

Steam  Used  by  the  Engine. 

Total  weight  used  by  engine,  jacket,  and  reheater  56,271  lbs.  76,662  lbs= 

per  hour 11,167    "  13,731    " 

Total  weight  used  by  jacket  and  reheater 5,881    "  7,475    " 

per  hour     1,158    "  1,339   " 

Per  cent,  of  jacket  and  reheater  steam  to  total  used  10.4  9.8 
Actual    weight    of   total    steam    used    per  I.H.P. 

per  hour 13.01  lbs.  12.76  lbs. 

Do.  corrected  for  superheat.    .   13.05    "  12.87    " 
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The  results  on  the  two  days  furnish  some  interesting  data  in 
relation  to  the  falling  off  in  economy  of  a  compound  engine  when 
it  is  underloaded.  Taking  the  results  of  the  second  test  as  a 
standard,  the  load  on  the  first  day  is  20  per  cent,  less,  while  the 
steam  consumption  is  but  slightly  over  1  per  cent.  more. 

SAVING  BY  THE  FEED-WATER  HEATER. 

The  average  increase  in  feed -water  temperature  caused  by  the 
heater,  for  the  two  days  is  65i  degrees,  which,  under  the  present 
conditions  of  temperature  and  steam  pressure,  is  equivalent  to  a 
saving  in  coal  of  5.6  per  cent. 

The  following  table  gives  the  rate  of  heat  transfer  from  the 
steam  to  the  w' ater  : 

1st  Trial.  2(1  Trial. 

Temperataro  of  water  before  entering  lieater 32  cleg.  32  deg. 

'"     after  leaving  "        94     "  101 

Increase  in  temperature  of  water 62     "  69 

Average  temperature  of  water  in  lieater 63     "  66.5  " 

Absolute  pressure  in  low-pressure  exhaust  pipe 0.87  lb.  1.3G  lbs. 

Corresponding  temperatures  exhaust  pipe 99  deg.  Ill  deg. 

Averao-e  difference  of  temperature  between  steam  and 

water 36     "  44.5" 

Feed  water  used  per  hour 11,167  lbs.       13,731  lbs. 

Heating  surface  of  heater  in  contact  with  steam 234  sq.  ft.       234  sq.  ft. 

Amount  of  heat  transferred  per  hour,  B.T.U .692,354  947,439 

Heat  transferred  per  degree  of  average  difference  in 
temperature  per  square  foot  of  heating  surface  per 
hour.B.T.U 82  91 

DISCUSSION. 

Prof.  R.  H.  Thurston.— I  am  greatly  interested  in  this  paper, 
not  simply  as  giving  us  what  is  always  interesting  to  the  engineer, 
a  history' of  the  evolution  of  the  later  forms  of  engine,  but  in  its 
comments  upon  the  methods  by  which  the  gain  noted  has  been 
brought  about.  On  these  points  I  would  like  to  say  a  word  and 
to  ask  a  question. 

Speaking  of  the  "  reheater,"  *  the  writer  of  the  paper  states 
that  it  is  considered  by  makers  "  one  of  the  most  important  causes 
of  economy."     It  is  true,  as  he  further  says,  that  I  have  shown, 

*  First  employed  in  this  country,  I  thiuli,  by  the  late  H.  R.  Worthington  about 
1869. 
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or  tried  to  show,  that  reheatiug  which  results  in  moderate  super- 
heating should  prove  economical  by  saving  "  much  more  steam 
than  is  condensed  "  to  liberate  the  heat  so  applied.  But  where 
the  reheater  does  not  superheat,  there  is,  at  least,  some  question 
whether  it  does  not  waste  heat  and  steam  rather  than  economize. 
I  have  always  assumed  that  the  reheater  is  a  good  thing  to 
introduce  in  all  high-expansion  engines  ;  but  my  attention  has 
recently  been  called  to  the  fact  that  this  is  not  necessarily,  and 
often  may  not  be,  true. 

I  have  lately  been  induced  to  revise  the  subject  and  to  reex- 
amine the  records,  so  far  as  published,  and  am  beginning  to 
think  that  these  accessories  may  even  do  measurable  injury  to 
the  efficiency  of  the  engine,  if  not  so  made  and  proportioned  and 
connected  as  to  insure  superheating.     Here  are  some  of  the  facts  ; 

With  light  loads,  as  from  30  per  cent,  of  rated  load  downward, 
jacketed  receivers  may  show  some  advantage,  but  from  50  per 
cent,  upward,  it  is  decidedly  a  wasteful  arrangement  in  the  cases 
which  I  have  especially  noted. 

In  a  paper  on  performance  of  Sibley  College  experimental 
engine  by  Professor  Carpenter  {Transactions  A.  S.  M.  E.,  vol. 
xvi.,  pp.  913-961)  the  tests  have  shown  (p.  928)  that  jackets  of 
high-pressure  cylinder  and  receiver,  at  loads  of  34  horse-power 
and  over,  increased  steam  consummation  from  5  to  12|  per  cent., 
according  to  magnitude  of  load,  where  the  maximum  load  was 
about  100  horse-power,  and  the  proper  rating  not  less  than  that 
figure.  As  the  cylinder  jacket  is  known  to  at  least  do  no  harm, 
the  waste  must,  it  would  seem,  be  due  to  the  receiver. 

In  Transactions  A.  S.  M.  E.,  vol.  xiv.,  at  p.  3S8,  are  Professor 
Peabody's  figures  for  the  engines  of  the  Mass.  Inst.  Technology, 
practically  duplicates  of  the  Sibley  College  engines.  The  increase 
of  consumption  of  steam  seems  to  be  about  2  per  cent,  with 
steam  in  receiver  jackets. 

In  Transactions  A.  S.  M.  E.,  vol.  xv.,  in  one  of  my  own  contribu- 
tions, is  the  statement  of  results  of  test  of  a  French  compound, 
showing  a  loss  by  use  of  the  receiver  of  from  0.15  to  0.27  pound, 
per  indicated  horse-power  per  hour,  on  a  total  consumption  of 
from  13.86  to  14.55  pounds. 

The  area  of  reheating  surface  in  standard  practice  ranges,  in 
compounds,  from  about  0.10  to  0.05  of  a  square  foot  per  pound  of 
steam  passing  through  them.  It  should  be  greater  with  com- 
pounds  than  with   triple-expansion  engines,  and  greater  in  the 
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first   than   in  the  second  receiver  of  the  latter,  on  account  of 
smaller  temperature  in  the  first  receiver. 

Here  are  the  results  of  test  of  a  small  experimental  engine, 
lately  made  to  secure  some  facts  bearing  on  this  question  : 


Tests  on  the  Corliss  Cross  Compound, 

Sibley  College,  November  18,  1897. 

Steam  Pressure,  120  pounds.     Vacuum,  25  inches.     Revolutions,  87. 


Condition. 


I.     Unjacketed 

II.  i  Receiver  Jacketed. 

III.  '  H.  P.  Jacketed.... 

IV.  I  All  Jacketed 


Jacket  Water 
lbs.  per  hour. 


H.  p. 


72.339 
58.380 


Rec. 


134.112 

laoiiw 


L.P.I 


71.801 


1146 
1146 
1077.213 
989.160 


1146 

1280.112 
1149.612 
1240.128 


70.64 
70.75 
70.73 
70.99 


65.77 
65.87 
65.85 
66.09 


16.223  17.425 

18.093  19.434 

16.2.53  17.4.57 

17.469  18.764 


Order  of  Economy  : 

I.— Unjacketed '. ? 16.223  lbs. 

III.-H.  P.  Jacketed 16.253    " 

v.— Receiver  and  L.  P.  Jacketed 17.450    " 

IV.— All  Jacketed 17.469   " 

II.— Receiver  Jacketed 18.093    " 


These  comparisons  are  evidently  conclusive  for  this  size  and 
style  of  engine,  not  necessarily  so  for  another  size  or  style  or 
proportion.  The  work  was  performed,  in  this  case,  by  experts 
thoroughly  familiar  with  the  engine,  as  well  as  with  the  laboratory 
methods  of  exact  measurement. 
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Here  are  other  figures  from   the  same  source,  obtained  at  an 
earlier  date,  and  with  a  poorer  vacuum : 


Tksts  on  Cross  Compound  Engine. 

Sibley  College,  November  8,  1897. 

Steam  Pressure,  120  pounds.     Vacuum,  23  inches.     Revolutions,  87.     q  =  .98  +  . 


JACKET  WATER  PER   HR.  LBS. 


HP. 

Cyl. 


Rec. 


L.  P. 

Cyl. 


Coiid. 

Steam 

per  hr. 

lbs. 


Total 

Steam 

per  hr. 

lbs. 


D.  H.  P. 


I.  11.  P. 


St.  per 

1).  H.  P. 

per  hr. 

lbs. 


St.  per 

I.  II.  P. 

per  hr. 

lbs. 


I. — Jacketed  throughout. 


62.41 

1-19.44 

100.46 

1021.26 

1303.57 

66.16 

71.06 

19.5.52 

18.203 

49.13 

92.68 

84.30 

1034.16 

1260.27 

67.48 

72.48 

18.676 

17.387 

60.85 

98.82 

91.56 

922.50 

1173.78 

60.78 

65.29 

19.311 

17.979 

66.26 

82.11 

74.29 

941.76 

1164.42 

63.48 

68.18 

18.843 

17.077 

60.84 

98.80 

66.98 

902.28 

1128.90 

62.04 

66.64 

18.196 

16.941 

59.16 

102.79 

93.20 

971.40" 

1226.55 

65.87 

70.75 

18.621 

17.336 

61.96 

107.17 

96.45 

1037.70 

1303.28 

71.38 

76.67 

18.258 

16.998 

53.62 

105.56 

84.33 

1024.98 

1268.49 

66.91 

70.79 

18.958 

17.650 

Average 17.460 

IT.— Receiver  and  Low-Pressure  Cylinder  Jacketed. 


98.19 

82.57 

.  .  .  . 

123.63 

118.03 

.... 

126.76 

95.49 

116.61 

98.75 



118.36 

91.56 

839.28 

990.06 

1015.92 

1013.82 

922.98 


1020.04 

51.04 

54.82 

19.985 

1231.72 

60.78 

65.29 

20.265 

1238.17 

63.25 

67.94 

19.576 

1229.82 

62.06 

66.66 

19.809 

1132.90 

56.03 

60.18 

20.219 

18.606 

18.867' 
18.235 
18.442 
18.824 


Average 18.319 

III. — Receiver  only  Jacketed. 


135.69 
153.40 

141.68 

1127.04 
1144.02 
1191.60 


1262.73 
1297.42 
1333.28 

64.88 
66.18 
66.23 

69.69 

71.09 
71.14 

19.462 
19.605 
20.131 

18.122 
18.252 
18.742 


Average . . 
IV.  —  Unjacketed. 


.18.372 


997.26 
1072.98 
1181.40 


997.26 

55.49 

59.60 

17.972 

072.98 

60.96 

65.48 

17.765 

181.40 

66.08 

70.98 

17.878 

16.732 
16.539 
16.644 


Average 

Expansions,  15  to  17. 

Reynolds-Corliss  engine,  9"  and  16"  x  86". 

Best  results  in  previous  trials  with  compound  unjacketed  throughout,  10.41. 

With  high-pressure  cylinder  and  receiver  jacketed,  18.03. 


.16.638 
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In  this  case  the  engiue  is  small,  the  external  heat-radiating 
areas  large,  and  the  initial  condensation  large.  It  does  not  at 
all  follow  that,  with  larger  and  better  proportioned  machines, 
these  deductions  may  not  be  entirely  reversed,  as,  indeed,  they 
have  actually  been  in  the  practice  of  some  of  our  most  successful 
engineers.  "We  must  assume  that  they  have  found  themselves 
justified  in  this  practice  by  experience,  and  that  they  have  exact 
determinations  of  gain  upon  which  to  base  their  conclusions  and 
by  which  to  justify  their  use  of  the  relieater.  I  am  just  now 
seeking  facts  from  all  sources  relating  to  this  matter,  and  shall 
be  glad  to  get  such  as  Mr.  Dean,  and  others  familiar  with  such 
work,  can  give  me. 

I,  as  one  particularly  interested  in  this  subject,  am  glad  to 
learn  what  Mr.  Dean  considers  the  characteristic  features  of  later 
construction  and  to  what  he  attributes  the  great  gain  of  the  last 
twenty  five  or  thirt}^  years.  I  deduce  from  his  paper  that,  aside 
from  improved  constructions,  the  following  contribute :  high 
steam,  good  vacuum,  large  expansion  ratios,  small  clearances, 
dry  steam,  and,  if  practicable,  superheating,  including  the  use, 
for  the  latter  purpose,  of  the  reheater  and  the  steam  jacket.  The 
question  of  the  jacket  is,  I  think,  pretty  well  threshed  out ;  that 
of  the  reheater  remains  to  be  studied. 

Readers  of  this  paper  would,  I  think,  be  glad  to  get  further 
information  relative  to  the  utilization  of  rejected  heat  and  steam, 
and  its  influence  in  reducing  the  cost  of  power.  It  is  obvious 
that,  where  the  rejected  heat  can  be  used  for  other  purposes  than 
the  production  of  power,  and  purposes  for  which  it  has  equal 
value,  the  cost  of  power  becomes  simply  that  of  the  mechanical 
equivalent  of  that  portion  of  the  heat  which  is  actually  trans- 
formed into  mechanical  energy,  or,  more  correctly  stated,  the 
heat  equivalent  of  the  power  actually  derived  from  the  steam. 
This,  in  turn,  means  the  reduction  of  the  cost  of  power  to  that 
of  the  case  in  which  the  engine  has  an  efficiency  equal  to  unity. 
This,  again,  corresponds,  in  most  instances,  to  a  consumption  of 
not  above  two  and  a  half  pounds  of  steam  per  indicated  horse- 
power per  hour,  and  to  the  reduction  of  costs  of  power,  net,  to 
from  one-fifth  to  one-eighth,  or  even,  in  the  simple  engine,  to 
one-tenth,  often,  of  the  costs  with  unutilized  exhaust.  In  such 
cases  of  complete  utilization  of  the  rejected  heat,  all  engine 
economies,  as  those  of  condensation  and  high  steam  and  expan- 
sion ratios,  are  entirely  unimportant  and  even  useless. 
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Is  liot  the  estimate  of  tlie  g.ain  to  be  anticipated,  as  an  average, 
from  raising  the  steam  pressure  from  160  to  185  pounds,  large  ? 
Takiug  it  to  be  the  fact  that  the  later  engines  may  be  expected 
to  utilize  the  higher  pressures  as  completely  as  do  the  older 
machines  the  lower,  the  promise  would  be  a  gain  varying  about 
as  the  difference  of  the  logarithms  of  the  pressures,  or,  in  this 
case,  as  between  12.25  pounds  at  160  and  11.75  at  185  pounds 
pressure. 

It  is  suggested  that  superheating  may  tend  to  do  away  with 
the  multiple-expansion  engine.  I  have  no  doubt  that  this  is 
true ;  but,  at  very  high  pressures,  such  as  are  apparently  coming 
in  the  early  future,  we  may,  I  think,  expect  the  employment  of 
both  moderate  superheating  and  multiple-^xiausiou,  although 
superheating  is  certainly  available  for  displacing  this  complica- 
tion of  construction,  if  it  can  be  employed  without  danger  or 
deterioration  of  apparatus.  Still,  at  very  high  pressures,  there 
still  remains  the  difficulty  which  Watt's  first  attempts  at  expansion 
met — the  irregularity  of  load  on  the  piston  ;  and  this  may  be  the 
consideration  then  still  justifying  the  use  of  two  or  more  cylinders 
in  series. 

Mr.  William  Kent. — I  wish  to  express  my  appreciation  of  Mr. 
Dean's  paper  as  being  a  valuable  contribution  to  the  Transac- 
tions. The  discussion,  I  believe,  will  add  to  its  value.  The  paper, 
so  far  as  it  gives  new  data,  is  very  acceptable  ;  but  when  the 
author  expresses  his  own  opinions,  he  is  entering  on  dangerous 
ground.  If  any  man  expresses  before  this  Society  his  opinion 
concerning  boilers,  he  is  likely  to  have  some  fault  found  with  him. 
He  is  apt,  moreover,  to  be  quoted  by  some  one  in  words  like  those 
in  which  Mr.  Dean  refers  to  Mr.  Donkin,  where  he  says  :  "Such 
praise  from  so  careful  an  investigator  as  Mr.  Donkin  should  carry 
great  weight.''  Some  one  hereafter  may  say  :  "Such  praise  of  the 
tubular  boiler  from  so  careful  an  investigator  as  Mr.  Dean  should 
carry  great  weight."  Therefore,  I  think  it  well  to  place  on  record 
in  the  Transactions  that  Mr.  Dean's  opinion  is  not  the  imiversul 
opinion.  There  are  other  engineers  who  think  that  the  horizontal 
tubular  boiler  is  used  because  it  is  cheap,  and  that  as  soon  as 
people  get  rich  enough  to  buy  other  boilers  the  horizontal  tubular 
boiler  will  be  less  of  a  favorite  than  it  now  is.  The  opinion  that 
there  has  been  no  improvement  in  economy  in  the  horizontal 
tubular  boiler  in  the  last  twenty-seven  years  is  probably  true,  ex- 
cept in  that  possibly  Mr.  Dean  himself  has  improved  the  economy 
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of  the  tubular  boiler  in  the  one  lie  recently  put  up  at  the  Wash- 
ington Mills  b}'  putting  in  dampers  and  deflectors  to  cause  the 
gases  to  flow  more  uniformly  tlirough  the  tubes. 

3fr.  Dean. — Those  boilers  have  not  yet  been  tested,  but  if 
everything  goes  well,  they  will  be  -tested  very  soon. 

Mr.  Kent. — Mr.  Dean  says  that  he  believes  that  the  grates 
have  been  improved  to  a  measurable  extent,  resulting  in  an 
economy  of  perhaps  2  per  cent.  I  wish  to  state  that  my  belief 
is  just  the  opposite — that  grates  have  not  improved  to  any  extent 
in  twenty-seven  years. 

He  says  that  his  experience  teaches  him  that  the  vertical  in- 
ternally fired  boiler  "  will  save  under  equal  conditions  some  7 
per  cent,  of  coal  compared  with  the  horizontal  return  tubular 
boiler."  I  think  other  people's  experience  will  show  exactly  the 
opposite  of  that ;  that  horizontal  tubular  boilers  are  sometimes 
giving  7  per  cent,  economy  over  the  internally  fired  boilers.  He 
says  that  the  economizers  will  save  7  or  8  per  cent,  of  coal. 
I  think  he  is  probably  correct  in  that.  There  is  usually  a  greater 
gain  found  in  England,  because  the  boilers  there  discharge  the 
heat  at  greater  temperatures. 

In  regard  to  the  vertical  engine  he  says :  "  It  would  not  sur- 
prise me  if  there  were  a  net  saving  of  5  per  cent."  by  reduced 
friction  as  compared  with  the  horizontal  engine.  It  would  sur- 
prise me  greatly  if  there  were  such  a  large  net  saving.  Doctors 
disagree  on  this  point. 

I  have  no  criticism  to  make  of  the  statement  in  the  summary 
that  there  is  a  saving  of  37  percent,  due  to  compounding,  jackets, 
relieaters,  higher  pressures,  and  greater  expansions.  But  "  due 
to  vertical  engines  five  per  cent. "  I  think  is  entirely  too  large. 
"  Due  to  vertical,  internally  fired  boilers  7  per  cent.  "  I  would 
reduce  to  zero,  because  any  type  of  boiler  whatever  can  be  made 
to  give  about  as  good  economy  as  any  other  type  if  you  propor- 
tion it  right  and  have  all  the  conditions  right.  *'  Due  to  econo- 
mizers 7  per  cent."  I  would  let  stand ;  and  "  Due  to  improved 
grates  2  per  cent."  I  would  reduce  to  zero.  So  that  when  a 
man  expresses  his  opinion  in  regard  to  boilers  in  the  Society, 
he  is  apt  to  find  a  difference  of  opinion. 

J//'.  li.  S.  Ilale. — On  page  310  Mr.  Dean  speaks  of  a  year's 
record  in  which  the  engines  were  indicated  every  morning  and 
afternoon.  This  method  is  slightly  inaccurate,  since  the  load 
just  after  starting  and  just  before  stopping  is  frequently  irregular. 
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aud  often  in  a  mill  Kome  particular  machine  ma}'  bo  on  at,  say, 
from  11  A.M.  to  12  r.M.  only,  so  that  the  cards  may  not  give  a  fair 
average.  There  is  a  method  used  in  one  of  the  large  New  Eng- 
land mills  which  gets  over  this  difficulty  aud  which  may  be  of 
interest.  It  is  to  take  a  card  at  7  a.m.  on  one  day,  at  8  a.m.  the 
next  day,  and  one  hour  later  each  day  until  the  time  comes  to 
begin  aofain  in  the  morning.  In  this  wav  a  set  of  300  cards  is 
secured,  which  fairly  represents  the  average  power  of  the  engine 
during  the  year. 

Jlr.  James  Christie. — The  advantage  to  be  derived  from  re- 
heating in  the  receiver  is  still  open  to  question,  especially  under 
conditions  where  the  engine  is  at  a  considerable  distance  from 
the  boilers,  and  the  condensation  in  the  reheater  has  to  be  wasted 
instead  of  being  returned  to  the  boilers.  Appended  (see  Fig.  65) 
are  given  results  obtained  from  carefully  conducted  tests  on  a 
compound  engine,  which  indicate  a  loss  by  the  use  of  a  reheating 
coil,  and  may  be  of  some  interest  for  other  reasons. 

The  engine  is  a  Greene  tandem  compound,  with  the  well-known 
cut-oj0f  valve  gear  on  both  cylinders.  Cylinders,  12  inches  and 
22  inches  diameters ;  42  inches  stroke,  running  115  revolutions  per 
minute,  and  carrying  on  the  main  shaft  the  armature  of  a  200- 
kilowatt  electiic  generator ;  also  a  14-foot  flywheel ;  the  total 
weight  supported  being  about  25  tons.  The  electric  power  dis- 
tribution was  of  an  exceedingly  fluctuating  character,  as  indicated 
by  the  load  diagram,  on  which  the  full  line  indicates  I.  IT.  P.  de- 
livered by  the  engine  and  the  dotted  line  E.  H.  P.  delivered  by 
the  generator.  The  exhaust  was  discharged  into  a  surface  con- 
denser. During  the  tests  indicator  cards  were  taken  every  five 
minutes,  and  readings  taken  simultaneously  from  ammeter  and 
voltmeter,  also  from  a  recording  wattmeter.  The  condensation 
from  the  condenser,  from  the  receiver,  and  from  a  heater  coil  in 
the  receiver  were  separately  weighed.  The  engine  was  situated 
about  300  feet  from  the  boilers,  and  the  condensation  from  re- 
heater  was  wasted.  The  tests  were  repeated  and  the  general 
results  confirmed ;  as  a  consequence  the  use  of  the  reheater 
was  abandoned.  The  electrical  energy  was  obtained  from  three 
observations. 

The  readings  of  ammeter  and  voltmeter  were  taken  every 
minute,  also  every  five  minutes,  corresponding  to  the  moment 
when  indicator  cards  were  taken  from  the  engine  ;  also  the  records 
of  a  wattmeter  were  kept,  and  these  all  agreed  in  a  general  result 
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of  80  to  87  per  cent,  of  the  indicated  liorse-power  of  the  engine, 
the  balance  being  principally  absorbed  in  the  friction  of  the  en- 
gine, which  was  considerable,  owing  to  the  heavy  load  borne  by 
the  shaft.  The  large  quantity  of  cooling  water,  shown  in  the 
first  column,  was  passed  intentionally  for  experiment. 

Its  only  practical  effect  was  a  reduction  iu  temperature  of  the 

Tests  of  12  Inch  and  22  Inch  by  42  Inch  Greene  Engine  and  200 
Kilowatt  Electric  Generator. 


With 
Heater  Coil. 

Without 
Heater  Coil. 

Duration  of  Test. . . .  ■ 

8 
112.96 
108.60 
4.81 

25.0 

20.86 

93.63 

4.86 
188.91 
547.20 
223.81 
541.90 

123,124 
164.169 

162.58 
165.05 
194,752 

3.562.00 

60.50 

240.10 
30,902.311 

74.1 

95.9 

80.7 
20.45 

86.90 

86.06 

87.37 
54.67  to  1 

8 

115.03 

112.10 

5.57 

25.0 
20.68 
104.13 
5.07 
180.54 
512.00 
226.22 
515.26 

116,249 
154.70 

156.25 
155.83 
98,160 

3,317.90 

174.70 

27,946! 50 

72.5 

113.90 

89.40 
19.34 

85.69 

86.54 

86.31 
29.60  to  1 

hrs. 

Averasfe  H   P   M    of  engine 

Average  steam  pressure   

lbs. 

Average  receiver  pressure 

lbs. 

Average  vacuum  iu  exhaust  pipe  near  engine 
l)v  s"auc"e              .        

inches. 

Average  vacuum  in  cvlinder  by  card    

inches. 

Average  initial  pressure  in  H.  P   cylinder 

lbs. 

lbs. 

amp. 
volt. 
amp. 

watts. 

Average  voltmeter  reading  (card  intervals) 

Average  ammeter  reading  (4,800  observations). . 
Average  watts    per  hour  by  660  ampere    watt- 
meter       

H.  P.  by  ammeter  and  voltmeter  (card  intervals) 
H.  P.  by  ammeter  and  voltmeter  (4,800  observa- 
tions)   

H.  P.  by  wattmeter 

Average  pounds  of  cooling  water  per  hour. 
Average  pounds  of  condensed  steam  per 

lbs. 

hour 

lbs. 

Average  pounds  of  condensed  steam  per 

hour 

lbs. 

Average  pounds  of  condensed  steam  per 
from  lieater  coil               

hour 

lbs. 

Total  water  used  bv  engine 

lbs. 

Average  temperature   of   cooling  water   before 
entering  condenser      

D.  F. 

Average    temperature    of    cooling   water 

after 

D.  F. 

Average  temperature  of  condensed  steam 
condenser 

from 

D.  F. 

Average  pounds  of  water  per  I.  H.  P.  per  hour.. 
Efficiency  of  converting  mechanical    into  elec- 
trical  energy   by   observations   at  card  in- 

lbs. 

% 

trical  energy  bv  4  800  observations  . . . 

elec- 

% 

Efficiency   of  converting  mechanical    into 

trical  energy  by  wattmeter  reading. .  . 

Ratio  of  condensed 'steam  to  cooling  water 

elec- 

% 
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water  condensed  from  the  exbaust  steam.     As  the  power  deUvered 
by  this  engine  is  constantly  fluctuating  between   100  and  300 
horse-power,  and  the  motor  service  comparable  to  that  of  an  elec- 
tric railway,  with  lines  of  steep  grades,  the  steam  consumption  of 
10  pounds  per  horse-power  is  as  high  economy  as  could  be  ex- 
pected under  the  conditions  of  the  service.  ^.         ,  ,, 
^    21r    Wm.  0.   Webber.-^  wish  to  call  the  attention  of  the  mem- 
bers to  the  fact  that,  whereas  Mr.  Dean's  figures  as  to  the  cost  o 
steam-power  are  very  interesting  and   valuable    and  no   doubt 
absolutely  true,  his  paper   must   not   be  misunderstood  to  say 
that  all  steam-power,  from  no  matter  what  type  of  engine  and 
size  of  plant,  can  be  obtained  at  this  same  ratio.     Tlie  figures 
which  Mr.  Dean  obtains  are  all  of  them  on  large  p  ants  appi^oxi- 
mately  about  1,000  horse-power,  and  while  it  is  undoubtedly  true 
that  these  low  costs  can  be  obtained  on  engines  of  the  sizes  to 
which  he  refers,  and  there  has  been  the  large  redaction  of  cost 
which  he  states  on  engines  of  this  type,  there  has  not  been  the 
same  ratio  of  saving  regarding  small  plants  exceptmg  in  so  far  as 
the  use  of  cheaper  grades  of  coal  are  concerned. 

I  have  recently  had  occasion  to  figure  up  the  cost  of  steam- 
power  in  a  number  of  small  mills  and  factories  using  from  100  to 
200  horse-power,  and  find  that  the  figures  which  I  thus  obtain 
check  very  closely  the  figures  given  by  Mr.  DeCourcy  May  in  the 
paper  submitted  to  the  Society  by  him  some  years  ago,  and  which 
I  believe  are  very  accurate. 

I  would  also  submit  a  diagi-am  (Fig.  G5a)  showing  three  cui;ves 
plotted  by  Mr.  H.  A.  Foster,  being  the  results  o    figures  by  Mr. 
Charles  E.  Emery;  my  father.  Col.  Samuel  Webber;  Mr.  E    S 
Hale,  and  Mr.  Charles  T.  Main,  showing  the  charges,  operating 
expenses,  and  total  cost  per  horse-power  for  steam  plants  up  to 
250  horse-power,  which  I  believe  very  accurately  ^y^-^ts  the 
best  modern  practice,  and  from  which  it  can  be  seen  that  the  total 
cost  of  50  horse-power  is  given  as  $100  per  horse-power  per  annum  ; 
■      100  horse-power  at  $65 ;  150  horse-power  at  $53 ;  200  l--e-power 
at  $47.50;  250  horse-power  at  $40;  300  horse-power  at  $.7.50 , 
400  horse-power  at  $33;  500  horse-power  at  $30  and  ^vdlere  the 
price  of  $25  per  horse-power,  which  has  been  taken  as  the  usual 
sUndardmkte^e^^  

"^^^  figuros  for  costs  below  300  h";;rse-powe:-  being  on  simple  ^'^^^^^1' 
engines  running  10  hours  per  day,  308  days  per  year,  and  takmg  coal  at  tb.ee 
dollars  ($3)  per  ton. 
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8ome  time  iu  the  future,  when  I  have  a  hirger  collection  of 
thoroughly  reliable  data,  I  propose  to  make  a  contribution  to  the 
Society  of  a  paper  giving  the  relative  costs  of  small  steam  and 
water  power  }>lants  ranging  from  50  to  500  horse-power,  to  show 
what  the  actual  conditions  arc,  as  this  point  seems  to  be  very 
largely  misunderstood  by  a  great  many  engineers,  so  as  to  con- 
trovert the  fallacious  idea  which  seems  to  be  accepted,  that  owing 
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to  improvements  in  steam  engines  in  the  last  few  years  that  all 
steam-power,  no  matter  of  what  size,  is  cheaper  than  water-power, 
which  I  do  not  believe  to  be  the  case. 

3f?'.  Allan  Stirling. — The  class  of  papers  to  which  Mr.  Dean's 
belongs  is  one  of  the  most  useful  that  is  contributed  to  the 
Society.  A  prominent  specialist  submits  his  experiences  and 
opinions,  which,  when  printed  in  the  Transactions  with  the  discus- 
sion, are  very  useful  for  reference.  Especial!}^  is  this  the  case 
when  the  subject  is  steam-power,  in  w^hich  every  member  of  this 
and  kindred  societies  is  interested. 

It  was  my  privilege  to  read  a  paper  on  this  subject  at  the  first 
meeting  of  this  Society.  Messrs.  Holley,  Worth  ington,  and 
Hoadley  were  present  at  that  meeting.  We  can  only  look  at 
their  portraits  now.     Their  places  can  never  be  filled. 
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In  that  paper  tlie  economy  of  steam  at  oO'^  pounds  pressure  and 
high  rates  of  expansion  was  set  forth,  and,  although  we  have  not 
reached  that 'point,  we  are  approaching  it  and  reaKzing  to  some 
extent  its  advantages.  Surface  condensers  on  land  were  recom- 
mended, and  attention  was  called  to  the  waste  heat  in  the  hot 
well.  It  is  interesting  to  note  that  Mr.  Dean's  latest  plans  in- 
volve the  use  of  surface  condensers  and  utilizing  the  heat  of  the 
water  of  condensation. 

Mr.  Dean  advocates  the  use  of  vertical  engines.  The  Burden 
Iron  Company,  with  which  I  became  connected  in  18G6,  have 
always  used  vertical  Corliss  engines,  and  have  never  used  any- 
thing else  in  their  rolling  mills. 

Superheating  the  high-pressure  steam  before  entering  the  first 
cylinder  has  not  been  generally  used  because  of  the  difficulty  of 
dealing  with  the  combined  high  pressure  and  high  temperature. 
Eeheating  between  the  cylinders  has  been  proved  to  be  both 
practical  and  economical.  Probably  the  best  results  will  be 
obtained  at  a  pressure  of  300  pounds  per  square  inch  in  a  three- 
cylinder  compound,  no  superheating  between  boiler  and  engine, 
but  reheating  between  cylinders  so  that  the  steam  at  the  end  of 
the  stroke  in  the  last  cylinder  will  reach  the  point  of  saturation. 

But  it  is  with  boilers  that  I  propose  mainly  to  deal.  In  188o  I 
advocated  internally  fired  square  boilers,  with  the  braces  grouped 
for  convenient  access.  Square  fire-boxes  are  now  commonly  used 
in  locomotives,  and  Mr.  Leavitt  uses  the  square  form  and  grouped 
braces,  but  Professor  Peabody  says  that  Leavitt's  boiler  is  some- 
what complicated  in  construction  and  staying,  and  must  be 
handled  with  care,  especially  in  starting,  to  avoid  straining 
from  unequal  expansion.  What  Professor  Peabody  says  of 
Leavitt's  boiler  is  true  of  all  large  internally  fired  boilers,  and  as 
it  has  been  proved  that  they  are  less  economical  than  externally 
fired  vertical  boilers,  they  have  not  been  much  used  for  stationary 
work  where  the  conditions  permit  a  choice. 

Professor  Thurston  *  estimates  that  there  is  sufficient  stored 
energy  in  a  return  tubular  boiler  to  project  it  a  mile  high,  and 
speaks  of  the  "  admitted  safety  from  destructive  explosion  ''  of 
water-tiibe  boilers.  Professor  Huttonfsays:  "It  is  the  safety 
of  the  sectional  type  of  boilers  which  has  given  it  its  great  devel- 
opment in  recent  years  as  the  pressures  of  steam  have  been 
increasing." 

*  Vol.  vi.,  p.  199.  t  "  Power  Plants,"  p.  452. 
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As  generally  constructed,  return  tubular  boilers  have  rivetted 
joints  directly  over  the  fire,  and  even  when  the  plates  are  made 
the  whole  length  of  the  boiler,  there  is  a  rivetted-  joint  in  the 
back  connection  which  is  probably  the  hottest  place  of  all.  The 
flat  heads  necessitate  stays,  an  element  of  boiler  construction 
which  is  dangerous,  expensive,  and  antiquated.  The  best  water- 
tube  boilers  are  now  constructed  wholly  of  curved  surfaces  in 
which  stays  are  unnecessary,  and  the  plates  with  their  joints  are 
entirely  removed  from  the  action  of  the  fire. 

In  a  return  tubular  boiler  steam  is  rising  from  every  part,  and 
there  is  no  definite  provision  for  return  circulation.  This  is  the 
reason  why  it  cannot  be  driven  hard,  while  boilers  that  have  a 
free  and  clearly  defined  circulation  can  be  driven  very  hard. 

Professor  Hutton.  says  of  the  return  tubular  boiler  :  "  Access  to 
some  places  is  impossible."  This  is  a  fatal  objection  because 
even  good  water  contains  lime  salts,  which  gradually  accumulate 
on  the  heating  surface  and  must  be  removed,  and  access  must  be 
had  to  every  part  for  that  purpose.  The  use  of  live-steam 
heaters  mitigates  this  to  some  extent,  but  their  first  cost  is  high, 
and  they  are  wasteful  of  fuel  at  least  to  the  extent  of  the  radiation 
of  the  apparatus,  and  much  time  is  consumed  in  removing  and 
replacing  the  numerous  bolts  and  the  joints  in  the  heads,  and  in 
removing,  cleaning,  and  replacing  the  pans.  Purifying  in  reser- 
voirs or  tanks  is  little  used  owing  to  high  first  costs  and  other 
considerations.  Soft,  furry  scale  collects  in  all  boilers  and  must 
be  removed  by  mechanical  means.  Boiler  compounds  will  not 
remove  it,  and  it  is  too  tough  to  be  washed  off  even  by  a  power- 
ful stream  of  water.  The  return  tubular  boiler  being  inaccessible 
for  this  purpose,  must  be  less  economical  than  those  water-tube 
boilers  in  which  access  can  be  easily  had  to  every  part  of  the 
heating  surface.  Vertical  bent  water  tubes  entering  radially 
into  horizontal  drums  have  been  found  by  experience  to  be  far 
and  awa}'  the  most  convenient  place  to  take  care  of  the  deposit 
from  any  kind  of  water.  There  are  no  stays  to  prevent  ready 
access,  and  it  has  been  demonstrated  that  the  furry  scale  which 
collects  in  the  tubes  near  the  feed  pij^e  can  be  cleaned  by  power 
apparatus  very  expeditiously  and  economically.  The  hard  scale 
can  be  loosened  by  the  judicious  use  of  soda,  and  the  loose  scale 
and  mud  settle  to  the  mud  drum,  and  can  either  be  shovelled  or 
blown  out. 

Return  tubular   boilers,  in    common  with  fire-tube   boilers    of 
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eveiT  description,  marine,  locomotive,  or  stationary,  whether 
vertical  or  horizontal,  have  the  great  objection  that  one  end  of 
each  tube  is  exposed  to  the  most  intense  heat  of  the  furnace  or 
combustion  chamber.  This  is  one  of  the  principal  reasons  why 
naval  engineers  have  discarded  the  fire  tube  altogether,  and  why 
water-tube  boilers  are  taking  the  place  of  fire-tube  boilers  for 
all  purposes. 

Horizontal  tubes  require  a  lot  of  blowing  to  keep  them  clear  of 
fire  dust  and  soot,  and  to  do  this  the  boiler  must  be  stopped,  the 
doors  opened,  and  each  fire  tube  blown  separately  at  considerable 
expense  of  strength  and  steam.  In  a  modern  water-tube  boiler, 
when  the  tubes  are  vertical  and  in  parallel  i-ows,  hundreds  of  tubes 
can  be  efi'ectively  blown  by  power  apparatus  without  stopping 
the  boiler  and  without  opening  a  door,  and  in  about  the  same 
time  that  it  takes  to  blow  one  tube  in  a  fire-tube  boiler. 

The  inside  of  fire  tubes  requires  scraping,  but  the  outside  of 
vertical  water  tubes  do  not  require  to'lae  scraped,  because  they 
can  be  reached  and  thoroughly  cleaned  by  a  well-directed  jet  of 
high-pressure  air  or  steam. 

It  is  not  surprising  that  many  engineers  prefer  the  return  tubu- 
lar boiler,  with  all  its  faults,  to  a  form  of  horizontal  water-tube 
boiler  which  involves  the  use  of  two  hand-holes  for  each  tube. 
Each  hand-hole  has  at  least  three  pieces,  and  in  order  to  get  at 
boilers  of  this  type  for  cleaning,  these  six  pieces  for  each  tube 
must  be  removed,  cleaned,  and  replaced.  Half  of  these  hand-holes 
are  in  the  back  connection,  which  is  the  most  disagreeable  ]ilace 
in  which  a  man  can  be  put  to  work  :  his  eyes,  mouth,  nostrils,  and 
ears  get  filled  with  soot.  It  is  impossible  to  tell  that  the  numer- 
ous hand-holes  are  tight  until  the  pressure  is  applied,  and  then,  if 
any  leaks  are  found,  the  water  must  be  let  out  and  the  leaks 
stopped.  But  the  case  assumes  a  very  different  aspect  when  the 
return  tubular  boiler  is  compared  with  the  simple  form  of  water- 
tube  boiler,  having  vertical  bent  tubes  and  horizontal  drums,  in 
which  there' are  only  two  manholes  to  open  and  close  (and  no 
hand-holes)  in  order  to  get  at  every  foot  of  the  heating  surface  for 
cleaning,  and  which,  in  addition  to  this,  possesses  the  following 
advantages:  No  flat  surfaces,  and  therefore  no  stays,  no  headers, 
each  tube  having  its  own  independent  connection  at  each  end  to  the 
drums  ;  a  mud  drum  removed  from  the  action  of  the  fire,  but  wai  m 
enough  to  prevent  rusting ;  a  well-defined  and  thorough  circula- 
tion ;  the  heating  surface  consisting  only  of  tubes,  and  all  j^lates, 
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with  their  joints,  removed  from  the  actiou  of  the  fire  so  that  no 
general  explosion  can  occur ;  each  tube  bent  to  allow  for  expan- 
sion ;  the  heating  surface  vertical  so  that  flue  dust,  mud,  and 
loose  scale  are  removed  by  gravit}-,  and  thorough  and  prompt 
cleaning  of  soot  and  tough  scale  from  every  tube  by  simple  power 
apparatus. 

Mr.  Dea/)."^' — Of  course  I  realized  when  I  wrote  this  paper  that 
I  was  going  to  stand  up  and  be  knocked  down.  I  have  been 
knocked  down  on  the  boiler  subject  so  many  times  that  I  am 
used  to  it,  and  I  do  not  mind  it  very  much.  As  to  the  value  of 
reheaters,  etc.,  of  course  I  was  aware  that  there  are  cases  in 
which  no  saving  is  produced,  and,  as  everybody  knows,  a  reheater 
must  produce  losses  in  some  way.  The  saving  may  not,  in  all 
cases,  counteract  those  losses.  For  instance,  there  is  a  loss  by 
radiation.  This  must  first  be  counteracted,  after  which  the  gain 
follows.  There  are  many  engines  made  with  reheaters  with  so 
little  surface  that  they  d^nnot  do  any  good,  and  when  you  use 
surface  enough  to  superheat  from  70  to  90  degrees  it  seems  to 
me  highly  probable  that  there  is  some  good  done.  I  believe  that 
that  is  the  opinion  of  Professor  Thurston. 

In  regard  to  the  value  of  improved  grates  which  Mr.  Kent  has 
mentioned,  of  course  that  is  a  matter  of  personal  opinion.  But  I 
have  come  to  that  conclusion. 

The  statement  that  the  horizontal  tubular  boiler  cannot  be 
forced  is  one  that  rather  interested  me.  I  will  add  here  that  the 
best  result  I  ever  obtained  from  a  horizontal  return  tubular 
boiler  was  when  I  was  getting  a  horse-power  from  about  eight 
square  feet  of  heating  surface.  That  was  done  with  only  about  a 
quarter  of  an  inch  of  draft,  and  with  the  utmost  ease,  and  the 
test  was  duplicated  a  month  later. 

Speaking  again  of  what  forms  on  the  outside  of  the  tubes  of  a 
horizontal  tubular  boiler,  the  boiler  I  speak  of  as  havino^  given 
these  two  high  results  was  twenty-four  years  old,  and  had  the 
original  tubes.  The  boiler  used  the  water  of  the  Merrimac 
E/iver,  and  was  located  at  the  Atlantic  Cotton  Mills,  Lawrence, 
Mass.  Of  course  in  the  West,  where  water  is  bad  and  all  sorts 
of  things  get  onto  the  tubes,  I  could  not  expect  any  such  results, 
but  in  the  East,  where  water  is  good,  practically  nothing  forms  on 
the  outside  of  the  tube. 

*  Author's  closure,  under  the  Rules. 
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I  am  very  glad  that  the  paper  has  brought  out  a  somewhat 
spirited  discussion.  That  is  one  function  of  papers,  and  this  one 
has  realized  that  end,  if  no  other. 

In  regard  to  Mr.  Kent's  opinion  of  the  relative  economies  of 
horizontal  return  tubular  boilers  set  in  brickwork  and  vertical 
water-leg  boilers,  such  as  the  Corliss  and  Manning,  it  is  evident 
that  Mr.  Kent  has  not  tested  boilers  of  these  kinds  over  and  over 
attain  so  as  to  obtain  strictly  comparable  results.  When  he  does 
he  will  find  that  the  efficiency  of  the  horizontal  return  tubular 
boiler  set  in  brickwork  is  aboiit  71  per  cent.,  and  the  Corliss  and 
Manning  about  76  per  cent.,  when  the  tests  are  carefully  made  by 
the  Society's  standard  method,  by  the  same  persons. 

I  note  that  Professor  Thurston  attributes  the  first  use  of 
reheaters  in  this  country  to  the  late  Henry  E.  Worthington  in 
1869,  or  thereabout.     This  is  important  and  interesting. 

One  speaker  at  the  meeting  stated  that  Mr.  Worthington  used 
a  compound  pumping  engine  earlier  than  the  Charlestown  engine, 
but  the  first  tandem  duplex  compound  was,  I  believe,  installed  at 
Charlestown,  Mass. 
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DCCLXV.* 

BOILER   TESTS:    CLASSIFICATION  OF  DATA   AND 
PLOTTED  RESULTS. 

BT   ■VnLLIAM   WALLACE   CHRISTIE,    PATERSON,   N.   J. 

(Member  of  the  Society.) 

In  a  paper  recently  presented  to  this  Society  by  Dr.  Charles 
E.  Emery  t  are  given  diagrams  showing  the  efficiency  of  heating 
surface  for  different  boilers,  based  on  "  nayy  "  experiments  ;  the 
Martin  vertical  tubular  type  gives  the  best  results.  Remarkable 
conditions  were  present  in  obtaining  these  results,  such  as  one 
grade  of  coal  and  an  expert  fireman  throughout  the  tests. 

Professor  Carpenter  %  gives  a  diagram  plotted  from  the 
American  edition,  Weisbach's  Mechanics,  of  some  trials  made 
in  Philadelphia  in  1868,  in  connection  with  which  are  given 
equations  for  the  mean  lines. 

Dr.  R.  H.  Thurston  §  gives  the  same  diagrain,  introducing 
slightly  different  lines  and  other  equations. 

Mr.  R.  S.  Hale's  paper  (dccxvi.)  is  very  full  of  information  and 
data  relative  to  different  rules,  etc.,  regarding  the  efficiency  of 
heating  surface.  Along  a  different  line  of  investigation  the 
•writer  has  collected  a  large  number  of  tests  from  various 
sources,  including  those  by  Whithara  and  Barrus. 

These  have  been  tabulated  as  per  tables  which  follow  and  the 
results  plotted  in  diagrams  appended. 

In  the  tabulation  it  will  be  noticed  that  the  abscissae  are 
"pounds  of  coal"  in  place  of  "pounds  of  combustible,"  as 
used  by  Emery  and  others,  because  many  of  the  tests  do  not 
give  combustible  per  square  foot  of  heating  surface. 

Table  I, — Vertical  boilers,  using  anthracite  coal. 

Table  II. — Vertical  boilers,  using  bituminous  coal. 

Table  III. — Horizontal  boilers,  using  anthracite  coal. 

Table  IV. — Horizontal  boilers,  using  bituminous  coal. 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
f  DCLXXVII.,  p.  237,  vol.  xvii. 
X  DCLXXVII.,  p.  276,  vol.  xvii. 
§  DCCX.,  p.  160,  vol.  sviii. 
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TABLE   I. 
Vektical  Boilers — Anthracite  Coal. 

(Wm.  Wallace  Christie,  1897.) 


Equiva- 

HOKSE-POWER. 

Classi- 

Coal per 
sq.  ft.  of 

Coal  per 
sq.  ft.  of 

Water 

Grate  Sur- 

Ratio 

lent  Evap. 
per  lb. 

fica- 

tion 

Grate  per 

Heat.  Sur. 

Heat.  Sur. 

face. 

H.  S. 

Combust- 

Rated. 

Developed 
A.  S.  M.E. 

No. 

hour. 

per  hour. 

sq.  ft. 

sq.  ft. 

G.  S. 

ible  from 

12  ft.  H.S. 

anclat212°. 

=  LH.P. 

100 

8.9 

.654 

443 

32.5 

13.6 

9.78 

37 

36.6 

101 

8.9 

.451 

443 

22.4 

19.7 

9.79 

37 

37.5 

103 

10 

.473 

5,480 

259 

21.2 

9.26 

457 

608.6 

104 

7.5 

.2f^3 

3.790 

143 

26.5 

8.91 

316 

242.8 

105 

11 

.368 

1,367 

45.6 

29.9 

10.07 

114 

134.8 

106 

11.1 

.371 

1.367 

45.6 

29.9 

9.56 

114 

128.2 

107 

17.1 

.572 

1,367 

45.6 

29.9 

8.18 

114 

169.8 

108 

12 

.384 

1,402 

45 

31.2 

9.17 

117 

119.8 

109 

14.2 

.455 

1,402 

45 

31.2 

8.87 

117 

137 

110 

9.8 

.308 

1,453 

45.6 

31.8 

9.54 

121 

103.8 

111 

7.92 

.247 

1,190 

37.12 

32 

10.66 

100 

82 

113 

9.1 

.271 

205 

6.1 

33.5 

10.51 

17 

15.5 

113 

15 

.448 

205 

6.1 

33.5 

10.22 

17 

24.5 

114 

10.9 

.306 

963 

27 

35.6 

10.36 

80 

73.9 

115 

.8.2 

.324 

8:^9 

23 

36.5 

10.00 

70 

47.2 

116 

9.66 

.259 

555 

15 

37 

9.02 

47 

30.7 

117 

9.3 

.249 

840 

22.5 

37.3 

10.61 

70 

54.8 

118 

9.3 

.243 

4,755 

157.5 

38.2 

8.96 

400 

119 

12.7 

.332 

4.755 

157.5 

38.3 

8.43 

400 

'522.5'* 

120 

14.3 

.374 

4,755 

lo7.5 

88.2 

7.63 

400 

555.6 

121 

12.2 

.305 

5,614 

141.7 

40 

11.44 

468 

474.4 

122 

7.19 

.178 

753 

18.62 

40.8 

10.65 

68 

35.7 

128 

11.13 

.276 

753 

18.62 

40.3 

11.71 

63 

56.6 

124 

15.00 

.372 

752 

18.62 

40.3 

13.47 

63 

86.6 

125 

17.8 

.441 

1,196 

28.7 

40.3 

9.68 

100 

133.1 

126 

15.4 

.321 

761 

15.9 

47.9 

.10.13 

64 

64.3 

127 

24.1 

.508 

761 

15.9 

47.9 

9.38 

64 

91.2 

128 

14.89 

.311 

4,100 

80 

51.25 

10.71 

342 

129 

20.69 

.421 

4,100 

80 

51.25 

10.44 

342 

130 

12.88 

.360 

4,100 

80 

51.25 

10.38 

343 

131 

22.52 

.439 

4,100 

80 

51.25 

9.79 

342 

182 

30.06 

.452 

4,100 

80 

51.25 

11.56 

343 

133 

22.87 

.444 

4,100 

80 

51.25 

9.99 

343 

134 

15.60 

.302 

3,100 

60 

51.66 

13.88 

260 

'367.6'" 

135 

20.5 

.397 

3,100 

60 

51.66 

12.14 

260 

470.8 

136 

24.5 

.474 

3,100 

60 

51.66 

12.05 

260 

580.5 
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TABLE   II. 
Vertical  Boileks — Bitcminotis  Coal. 
fWm.  Wallace  Christie,  1897.) 


^ 

o  2 

X 

. 

HORSI 

:-Po\vEB. 

C  o 

-'! 

U=^ 

c* 

«■  !« 

|1 

c    . 

"1 

II 

o 

P 

is* 

a 

u 
a 

c 

02 
S 

o 

>  s 

IS" 

150 

9.9 

.318 

2,804 

90. 

31.1 

9.16 

234 

210.3 

151 

7.3 

.230 

1,453 

45.6 

31.8 

8.99 

120 

213.6 

152 

9.5 

.295 

2,249 

69.7 

32.2 

9.61 

188 

155.2 

153 

18.66 

.510 

550 

15 

36.6 

11.30 

46 

93.44 

154 

10.3 

.263 

2,536 

64.8 

39.1 

12.29 

212 

213.2 

155 

11.61 

.290 

300 

7.33 

40 

11.86 

25 

26 

156 

41.91 

1.050 

300 

7.33 

40 

9.31 

25 

67.1 

157 

60.61 

1.515 

300 

7.33 

40 

9.80 

25 

113.8 

158 

10 

248 

752 

18.62 

40.3 

11.56 

63 

67.47 

159 

19.89 

.491 

6,669 

165 

40.5 

9.74 

556 

941 

160 

7.71 

.171 

5,250 

117 

44.8 

10.54 

438 

218 

161 

16.9 

.371 

1,688 

36 

45.5 

10.93 

137 

166.3 

162 

13.16 

.273 

1,383 

28.7 

48.1 

13.09 

116 

123.7 

163 

23.00 

.478 

1,383 

28.7 

48.1 

12.00 

116 

193.6 

164 

14.7 

.305 

1,383 

28.7 

48.1 

12.32 

116 

126.2 

165 

10.9 

.226 

1,383 

28.7 

48.1 

12.35 

116 

95.4 

166 

10.9 

.226 

1.383 

28.7 

48.1 

11.61 

116 

85.93 

167 

12.30 

.255 

8,298 

172.2 

48.1 

12.90 

692 

697 

168 

13.71 

.285 

8,298 

172.2 

48.1 

13.09 

692 

747 

169 

13.78 

.286 

8,298 

172.2 

48.1 

12.64 

692 

759 

170 

12.72 

.264 

8,298 

172.2 

48.1 

12.77 

692 

698 

171 

10.42 

.216 

11.064 

231.6 

48.1 

13.40 

922 

598 

172 

11.01 

.228 

9,681 

200.9 

48.1 

13.02 

807 

613 

173 

16.3 

.337 

1,886 

38.9 

48.4 

10.98 

157 

189.3 

174 

26 

.487 

2,028 

38 

53.3 

11.52 

169 

317.1 

175 

27.6 

.517 

2,028 

38 

53.3 

12.06 

169 

352 

176 

11.96 

.221 

7,192 

182.8 

54.1 

10.97 

600 

460.9 

177 

25.7 

.457 

4,960 

88.23 

56.2 

10.77 

414 

178 

29.47 

.494 

2,838 

47.50 

59.6 

10.00 

236 

!i88"" 

179 

13.1 

.217 

3,401 

56.7 

60.2 

12.29 

284 

243.1 

180 

16.7 

.251 

3,126 

50 

62.5 

13.01 

261 

403.3 

181 

16.8 

.252 

3,126 

50 

62.5 

10.79 

261 

243.5 

183 

26.03 

.365 

3,126 

50 

71.2 

11.14 

261 

278.4 

184 

40.12 

.563 

2,494 

35 

71.2 

11.71 

208 

416 

185 

45.92 

.645 

2,494 

35 

71.2 

10.85 

208 

463.5 

186 

30.4 

.410 

2,599.4 

35 

74.2 

11.59 

217 

380.97 

187 

33.07 

.445 

2,599.4 

35 

74.2 

11.43 

217 

358.4 

188 

35.4 

.477 

2,599.4 

35 

74.2 

11.06 

217 

365 

189 

40.4 

.544 

2,599.4 

35 

74.2 

10.54 

217 

399.2 
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TABLE   III. 
Horizontal  Boilers — Anthracite  Coal. 

(Wm  Wallace  Christie,  189r.) 


=     1 

^,. 

^il_. ' 

a  " 

Vi  tri 

—  ^ 

1;^ 

^  a  .• 
1^1     1 

wio 

o 

a 

o 

o 

^ 

o 

260 

6.1 

.813 

1..S20 

175 

7.5 

261 

7.4 

.986 

1,320 

175 

7.5 

262 

9.7 

.890 

464 

42.7 

10.9 

263 

10.6 

.972 

394 

36.1 

10.9 

264 

8.62 

.359 

852.5 

36 

24 

265 

7.9 

.300 

639 

24 

26.6 

266 

8.5 

.287 

629 

21.2 

29.6 

267 

11.7 

.400 

1,733 

.58.5 

29.6 

268 

12.9 

.440 

1,733 

58.5 

29.6 

269 

6 

.202 

629 

21.2 

29.7 

270 

11.4 

.384 

629 

21.2 

29.7 

271 

10.9 

..335 

1,041 

32 

32.5 

272 

11.4 

..3.50 

1,041 

32 

32.5 

273 

11.5 

.353 

1,041 

32 

32.5 

274 

10.1 

.304 

644 

20 

33.2 

275 

7.25 

.216 

753.6 

22  5 

33.5 

276 

6.5 

.192 

069 

19.0 

33.7 

277 

12.1 

.359 

669 

19.9 

33.7 

278 

9.3 

.275 

900 

26.7 

33.8 

279 

9.6 

.284 

900 

26.7 

33.8 

280 

15.24 

.446 

682.5 

20 

34.1 

281 

\^ 

.404 

890 

25.7 

.34.6 

282 

\.7 

.160 

639 

18 

35.5 

283 

7.7 

.213 

719 

19.9 

36.1 

284 

10 

.270 

890 

24.1 

37 

285 

10.8 

.292 

890 

24.1 

37 

286 

12.2 

.3.30 

890 

24.1 

37 

287 

13.2 

.357 

890 

24.1 

37 

288 

14.2 

.383 

890 

24.1 

37 

289 

.  4.7 

.125 

736 

19.5 

37.6 

2iX) 

4.7 

.125 

736 

19.5 

37.6 

291 

8.6 

.228 

736 

19.5 

37.6 

292 

8.7 

.231 

736 

19.5 

37.6 

293 

10.66 

.283 

1,676.3 

44.5 

37.67 

294 

9.76 

.2.57 

1,598.4 

42 

38 

295 

11.11 

.290 

4,569 

120 

.38.3 

296 

16.4 

.404 

1,706 

42 

40.6 

297 

26.1 

.642 

1,706 

42 

40.6 

•  298 

11 

.282 

1.041 

24.7 

42 

299 

12.2 

.290 

1,041 

24.7 

42 

300 

15.92 

.362 

1,317 

30 

43.9 

301 

9.4 

.212 

1,047 

23.7 

44.2 

302 

22.3 

.489 

7,524 

165 

45.6 

303 

22.3 

.489 

7,524 

165 

45.6 

304 

5.93 

.127 

3,640 

78 

46.6 

305 

11.9 

.2.51 

3,306 

69.8 

47.4 

306 

20.14 

.414 

1,215 

25 

48.6 

307 

12.08 

.241 

1,960 

39 

50 

308 

14.S 

.276 

.5,144 

90 

,53.6 

309 

21.5 

.401 

5,144 

96 

53.6 

310 

27 

.503 

5,144 

96 

53.6 

311 

13.02 

.242 

2.877 

53.5 

53.7 

312 

13.5 

.248 

'640 

11.7 

54.4 

313 

11.9 

.205 

3,242 

56 

57.9 

314 

10.3 

.171 

5,412 

90 

60 

315 

14.5 

.237 

2.305 

36.6 

61.1 

316 

19.8 

..323 

4,225 

68.9 

61.3 

317 

28 

.4.56 

4,225 

68.9 

61.3 

318 

32.9 

.536 

4,225 

68.9 

61.3 

319 

26.3 

.423 

7.700 

124 

62.1 

320 

31.9 

.513 

3,850 

62 

62.1 

321 

21.3 

.340 

1,2.53 

20 

62.6 

322 

30.2 

.482 

1.2,53 

20 

62.6 

323 

11.5 

.169 

2,680 

39 

68 

324 

14.25 

.208 

6,150 

90 

68.3 

325 

9.4 

.131 

1,609 

22.5 

71.5 

326 

20 

.260 

688.1 

9.2 

76.9 

327 

33.7 

.4.32 

4,360 

56 

78 

328 

32.5 

.346 

12.675 

1.35 

93.9 

329 

45.4 

.483 

12,675 

1.35 

93.9 

^sii 


9.22 

8.44 
7.97 

'i2!i2 
9.87 
10.85 
10.63 
9.25 
10.88 
10.46 
11. .38 
11.30 
11.07 
10.76 
11.92 
11.06 
10.76 
11.06 
10.72 
8.86 
11.24 
10.48 
10.25 
10.75 
9.98 
10.65 
10.74 
10.47 
11.01 
11.42 
11.44 
i:.63 
11.82 
12.09 
10.73 
10.18 
9.03 
11.13 
11.20 
10.76 
10.61 
11.14 
11.45 
11.76 
10.60 
10.26 
10.73 
11.97 
12.02 
10.46 
11.64 
10.05 
11.33 
10.78 
11.00 
11.31 
10.08 
11.00 
11.81 
11.87 
11.04 
11.00 
11.03 
11.11 
10.. 39 
9.55 
11.38 
12.29 
11.69 


HOUSE-POA'ER. 


03  jj     . 


110 
110 
.  39 
33 
71 
54 
53 
145 
145 
53 
53 


74 

53 

60 

74 

74 

74 

74 

74 

62 

62 

62 

62 

140 

133 

381 

142 

142 

87 

87 

110 

88 

627 

627 

304 

276 

102 

104 

429 

429 

429 

240 

54 

270 

451 

192 

352 

352 

352 

642 

321 

105 

105 

224 

513 

134 

58 

364 

1,056 

1,056 


fi< 


240 

272 
82.4 
62 

90.88 
48.1 
92.7 

149.2 

192.3 
33.5 
61.4 

178   . 

188.7 

194.6 
53.9 
46.96 
33.9 
62.1 
60.9 
65.8 

105 ! 5* 
25.5 
79.4 
64 

62.8 

81.9 

87.7 

87.8 

25.1 

27.8 

48.2 

.50.3 

135.59 

119.83 

345 

1.50.9 

209.4 

79.5 

88.5 

122.5 

.58.4 

935.9 

961.4 

124.26 

228.7 

132.3 

121.9 

410.5 

611.8 

691 

215.5  • 
36.3 
196.1 
241.5 
1.55.1 
370.4 
442.3 
581 
901.8 
534 
114 
154.3 
124.2 
359 
55 
45.5 
.500.3 
840.4 
553.1 
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TABLE  IV. 
Horizontal  BoxLEits — Bituminous  Coal. 


("Wm.  Wallace  Christie,  1897.) 


Clussifl- 

Coal  per 
sq.   ft.    of 

Grate 
per  hour. 

Coal  per 
80.    ft.    of 
Heat.Snrf. 
per  hour. 

Water 
Heating 
Surface 

sq.  ft. 

Grate 
Surface 
sq.  ft. 

Ratio 
H.8. 
G.8. 

Eqniv. 
Evap.   per 
lb.  Comb, 
from    and 

at  212°. 

HOBSE-POWER. 

cation 
Num- 
ber. 

Rated. 

12  ft.  n.s. 

=  I.  H.P. 

Developed 

a.s.mTe. 

375 

7.0 

.688 

394 

36.1 

10.9 

8.59 

33 

60.8 

376 

7.5 

.688 

394 

36.1 

10.9 

8.74 

33 

60.8 

377 

9.52 

.426 

322 

14.4 

22.3 

9.48 

27 

34.9 

378 

23.75 

1.055 

2,880 

128 

22.5 

9.2 

240 

379 

17.3 

.668 

5,628 

217.6 

25.9 

10 

469 

341".  4* 

380 

21.3 

.822 

5,628 

217.6 

25.9 

11.06 

469 

381 

5.72 

.211 

820 

30.25 

27.1 

8.95 

09 

■  40  ■  ■ 

382 

5.58 

.206 

820 

30.25 

27.1 

9.67 

09 

42 

388 

10.9 

.371 

3,534 

120 

29.4 

10.60 

300 

380 

384 

10 

.328 

1,235 

40.5 

30.5 

10.91 

103 

115.1 

385 

10.8 

.354 

1,235 

40.5 

30.5 

10.19 

103 

117.3 

386 

10.1 

.313 

644 

20 

32.2 

11.52 

54 

60 

387 

12.3 

.382 

783 

24 

32.2 

10 

06 

79.7 

388 

9.1 

.280 

2,082 

64 

82.5 

11.39 

174 

171.9 

389 

18.2 

.526 

890 

25.7 

34.6 

11.17 

74 

143.8 

390 

18.8 

.543 

890 

25.7 

34.6 

10.34 

74 

1.35 

391 

9.1 

.246 

890 

24.1 

87 

11.78 

74 

09.6 

392 

25 

.625 

2,0:!8 

52 

40 

9.59 

170 

, 

393 

7 

.168  ' 

3,374 

90 

41.6 

12.07 

281 

"204.1 

394 

12.2 

.293 

474 

11.38 

41.6 

11.74 

40 

43.3 

395 

13.9 

.334 

474 

11.38 

41.6 

11.92 

40 

49.1 

396 

22.4 

.538 

9,000 

216 

41.6 

11.29 

750 

1,347 

397 

22.5 

.541 

9,000 

216 

41.6 

9.24 

750 

1,202 

400 

14 

.3^3 

1.041 

24.7 

42 

11.37 

87 

105.4 

403 

11.1 

.261 

2,100 

49.3 

42.5 

11.98 

175 

177.6 

404 

15.18 

.356 

1,1.87 

26.7 

42.6 

11.53 

100 

127.5 

405 

19.20 

.450 

1,137 

26.7 

42.6 

11.20 

100 

150 

406 

17.45 

.409 

1,187 

26.7 

42.6 

11.60 

100 

148.6 

407 

20.87 

.490 

1,137 

26.7 

42.6 

11.27 

100 

169.6 

408 

19.73 

.463 

1,137 

26.7 

42.6 

11.53 

100 

169.1 

409 

26.55 

.6-23 

1,137 

26.7 

42.6 

10.76 

100 

199.7 

410 

23.86 

.560 

1,137 

26.7 

42.6 

11..30 

100 

197.3 

411 

.SO.  10 

.706 

1,137 

26.7 

42.6 

10.29 

100 

217.4 

412 

27.32 

.641 

1,137 

26.7 

42.6 

11.19 

100 

226.1 

413 

34.30 

.805 

1,137 

26.7 

42.6 

9.43 

100 

239 

414 

6.49 

.152 

1,187 

26.7 

42.6 

11.38 

100 

52.4 

415 

6.49 

.152 

1,137 

26.7 

42.6 

11.43 

100 

52.4 

416 

8.89 

.208 

1,137 

26.7 

42.6 

11.38 

100 

74.6 

417 

9.33 

.219 

1,137 

26.7 

42.6 

11.57 

100 

77.3 

418 

12.13 

.285 

1,137 

26.7 

42.6 

11.29 

100 

97.7 
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TABLE  lY —Continued. 


Classifi- 

Coal per 
sq.   ft.    of 

Grate 
per  hour. 

Coal  per 

sq.  ft.  of 

Heat.Surf. 

per  hour. 

Water 
Heating 
Surface 
sq.  ft. 

Grate 
Surface 
sq.  ft. 

Ratio 
H.S. 
G.S. 

Equiv. 
Evap.   per 
lb.  Comb, 
from  and 

at  212°. 

Horse-Power. 

cation 
Num- 
ber. 

Rated. 
12ft.  H.S. 
=  1.  H.P. 

Developed 
A.S.M.  E. 

419 

12.30 

.288 

1,137 

26.7 

42.6 

11.56 

100 

104.3 

4>0 

16.35 

.384 

1,137 

26.7 

43.6 

10.99 

100 

125.3 

431 

6.76 

.148 

1,310 

26.65 

45.5 

10.88 

103 

55.9 

422 

13.69 

.301 

1,708 

37.5 

45.5 

11.00 

143 

108 

423 

23.53 

.517 

3,040 

44.8 

45.5 

10.46 

170 

304 

424 

21 

.460 

903 

20 

45.68 

9.03 

74 

425 

21.3 

.466 

903 

20 

45.68 

9.61 

74 

426 

23.1 

.505 

903 

20 

45.68 

8.85 

74 

427 

23.28 

.509 

903 

20 

45.68 

9.53 

•74 

428 

25 

.547 

903 

20 

45.68 

10.12 

74 

429 

17 

.369 

1,150 

25 

46 

11.60 

96 

"143.3" 

430 

36.97 

.798 

3,758 

59.5 

46.3 

6.29 

330 

401.3 

431 

13.2 

.281 

640 

13.5 

47 

9.91 

54 

47.3 

432 

6.7 

.141 

3,306 

69.8 

47.4 

11.24 

376 

141.3 

433 

9.79 

.301 

3,501 

72 

48.7 

11.64 

392 

219 

434 

11.03 

.223 

3,467 

70 

49.5 

10.24 

289 

231 

435 

12.57 

.254 

3,467 

70 

49.5 

10.51 

289 

252 

436 

27.22 

.543 

1,100 

31.87 

50.3 

10.52 

92 

161.4 

437 

18.6 

.307 

3,853 

50 

50.6 

9.84 

238 

438 

13.3 

.261 

12,480 

245.4- 

50.8 

13.33 

1,040 

1,17'8' 

439 

13.6 

.256 

1,263 

23.7 

53.1 

13.47 

105 

108.1 

440 

19.3 

.355 

640 

11.7 

54.4 

10.93 

54 

65.3 

441 

23.8 

.414 

5,516 

96 

57.5 

9.71 

460 

442 

41.0 

.713 

3,300 

40 

57.5 

7.76 

184 

"'369.97 

443 

12.1 

.209 

3,343 

56 

57.9 

11.99 

270 

214.6 

444 

18.58 

.308 

1,823 

30 

60.15 

11.57 

153 

445 

36.42 

.605 

1,823 

30 

60.15 

7.58 

152 

446 

18.4 

.303 

2,758 

45.5 

60.6 

11.76 

230 

'259..5' 

447 

23.9 

.394 

2,758 

45.5 

60.6 

13.19 

230 

348.3 

448 

7.96 

.130 

1,221 

20 

61 

11.81 

102 

50.4 

449 

21.51 

.353 

2,875 

47 

61.1 

10.26 

240 

258 

450 

33.2 

.541 

2,799 

45.5 

61.3 

11.90 

233 

468.8 

451 

20.83 

.337 

5,190 

84 

61.7 

13.01 

433 

453 

13.5 

.206 

4,318 

70 

63 

11.78 

360 

277.8" 

453 

57.30 

.892 

2,300 

36 

63.9 

7.44 

193 

420.8 

454 

9.3 

.140 

5,292 

80 

66.1 

13.03 

441 

2-^1.4 

455 

10.97 

.160 

6,150 

90 

08.3 

13.43 

513 

331.8 

456 

8.2 

.114 

1,609 

225 

71.5 

10.99 

134 

55 

457 

40.5 

.528 

2,758 

36 

76.6 

6.38 

330 

277.7 
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From  tho  above  tables  the  data  have  l)een  used  in  plotting 
tlie  following  diagrams,  Avliicli  are  self-explanatory : 
Diagram     I. — Vertical  boilers,  anthracite  coal. 
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Fig.  66. 
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DIAGRAM,    Ml.  VERTICAL   BOILERS. 


BITUMINOUS  Coal. 


ol3 

s 
1 

o 

o 

o 

^  11 


.3  .4  .5  .6  .7 

Coal  per  Hour  per  Sq.rt.  of  H.  S. 
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DIAGRAM,    V. 
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Diagram,  VM. 
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Tlie  location  in  the  diagrams  of  most  economical  performance 
seems  to  him  to  be  within  a  certain  area  rather  than  on  a  par- 
ticular line,  and  lower  than  the  line  given  in  some  of  the  above- 
mentioned  diagrams ;  and  the  writer  has  tabulated  these  areas 
of  most  economical  performance  as  follows  : 


From  Diagram. 

Between  Rate  of  Combustion 
per  sq.  ft.  of  H.  S.  of 

Best  at  Coal  per 
sq.  ft.  of  H.  S. 

Best  at  Ratio  of  H.  S. 
to  G.  S.  of 

I. 
III. 
IV. 
VII. 

0.27  to  0.47 

0.21  to  0.29 

•            0.13  to  0.51 

0.13  to  0.54 

0.3 
0.21 
0.35 
0.315 

40  to  52 
48  TO  63 
24  to  94 

41  to  68 

Plotting  the  above  tabulation,  we  have  the  following  dia- 
grams (XIL  and  Xni.)  : 


Diagram   XII. 
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Diagram    Xlll. 
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In  these  two  diagrams  vertical  position  does  not  mean  any- 
thing ;  arrangement  was  made  thus  for  convenience. 

Plotting  the  averages  obtained  from  Tables  I.  to  IV.,  we  have 
Diagrams  IX.,  X.,  and  XI.,  in  which  the  ordinates  are  equivalent 
evaporation  per  pound  of  combustible  ;  for  abscissae  we  have 
the  ratio  of  heating  surface  to  grate  surface  in  Diagram  IX. ; 
coal  per  hour  per  square  foot  of  heating  surface  in  Diagram  X. ; 
coal  per  hour  per  square  foot  of  grate  in  Diagram  XI. 

It  is  interesting  to  note  that  in  each  of  these  three  diagrams 
the  vertical  boiler  occupies  the  lowest  and  highest  place  as 
far  as  evaporative  efficiency  is  concerned,  while  horizontal  boil- 
ers occupy  the  middle  positions. 

The  influence  of  ratio  of  heating  surface  to  grate  surface,  and 
of  coal  per  hour  per  square  foot  of  heating  surface  on  evapora- 
tive efficiency,  may  be  studied  by  reference  to  Diagrams  I.  to 
YIII.  (Figs.  66  to  73). 

Note. — Throughout  the  paper  H.  S.  means  water  heating  surface. 


DISCUSSION. 

Mr.  Allan  Stirling. — In  this  paper  Mr.  Christie  gives  anthracite 
and  bituminous  coal  equal  prominence,  but  tests  "with  anthracite 
coal  are  of  comparatively  little  importance,  as  it  is  used  very  little 
in  boilers.  I  have  therefore  reproduced  the  important  diagram 
of  Mr.  Christie's  paper  in  its  relation  to  the  bituminous  coal  only. 

This  diagram  (Fig.  79)  shows  that  the  highest  place,  so  far  as 
evaporative  efficiency  is  concerned,  is  occupied  by  vertical  boilers. 
The  average  result  of  121  tests  of  boilers,  given  by  Mr.  Christie,  is 
that  vertical  boilers  are  li;  per  cent,  more  economical  than 
horizontal. 

It  is  easy  to  find  reasons  why  vertical  boilers  have  won  for 
themselves  the  highest  place.     Vertical  heating  surface  naturally 
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rids  itself  of  some  of  the  impurities  in  the  water,  and  the  dust  in 
the  fire  gases,  to  a  much  greater  extent  than  horizontal  surface. 

It  has  been  stated  that  the  fire  gases  carry  with  them  out  of 
the  furnace  about  1  per  cent,  of  the  total  weight  of  the  coal 
burned.  With  horizontal  tubes  this  flue  dust  can  only  be  re- 
moved by  blowing  and  scraj^ing,  while  with  vertical  tubes  it  is 
regularly  removed  by  the  action  of  gravitation. 

Two  elements  of  the  deposit  made  by  the  water  usually  fed  to 
boilers  are  the  mud  and  the  hard,  glassy-like  scale  which  will  be 
found  on  the  remotest  part  of  the  heating  surface.  The  mud  will 
settle;  the  hard,  glassy  scale  can  be  loosened  by  the  judicious 
use  of  soda,  combined  with  the  expansion  and  contraction  of  the 
metal,  and  will  then  also  settle. 
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Fig.  79. 


The  action  of  a  horizontal  tube,  compared  with  a  vertical  one, 
so  far  as  the  foregoing  elements  are  concerned,  is  illustrated  by 
the  following  diagram  (Fig.  80). 

The  horizontal  fire  tube  collects  much  flue  dust  and  some  scale. 
The  horizontal  water  tube  collects  much  scale  and  some  flue  dust. 
The  vertical  water  tube,  if  properly  arranged,  gets  rid  of  flue  dust, 
mud,  and  loose  scale  by  gravity. 

As  the  cleaning  of  the  flue  dust,  mud,  etc.,  from  horizontal 
tubes  can  only  be  done  at  intervals,  the  inevitable  result  is  that 
vertical  tubes  are  more  economical  of  fuel  than  horizontal  tubes. 

In  vertical  fire-tube  boilers  the  mud  and  loose  scale  settle  on 
the  flat  tube  plate  which  forms  the  roof  of  the  furnace.  This  is 
the  source  of  great  trouble  and  expense,  and  is  one  of  the  reasons 
why  the  vertical  fire-tube  boiler  has  not  come  into  general  use. 
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In  vertical  water-tube  boilers  with  straight  tubes,  the  flue  dust 
settles  on  the  flat  horizontal  tube  plate,  forming  the  top  of  the 
mud  drum,  and  it  cannot  be  removed  because  it  is  impossible  to 
get  access  to  it. 

Although  the  vertical  surface  naturally  rids  itself  of  flue  dust, 
mud,  and  loose  scale,  there  still  remain  the  soot  and  the  tough 
scale,  which  adhere  to  all  surfaces,  whether  vertical  or  horizontal, 
and  which  must  be  removed  by  mechanical  means. 

In  a  vertical  fire-tube  boiler,  to  clean  the  soot  from  the  tubes 
necessitates  the  shutting  down  of  the  boiler.  The  man  must  get  on 
top  of  the  boiler,  aud  either  remove  the  chimney  or  get  into  it, 
and  each  tube  must  be  cleaned  individually  at  considerable 
expense  of  time  and  steam.      In  vertical  water-tube  boilers,  in 


Horizontal 
Water  Tube 

Fig.  80. 


Vertical 
Tube 


"which  the  tubes  are  arranged  in  circles,  it  is  impossible  to  brush 
the  soot  off  the  tubes.  In  vertical  water- tube  boilers,  in  which 
the  tubes  are  arranged  in  parallel  rows,  hundreds  of  tubes  can  be 
effectivel}'  blown  by  a  simple  power  apparatus,  without  opening  a 
door,  and  in  about  the  same  time  that  it  takes  to  blow  one  tube 
in  a  fire-tube  boiler. 

"When  the  matter  of  the  tough  scale,  which  adheres  even  to 
vertical  surfaces,  is  taken  into  consideration,  it  will  be  seen  that 
the  vertical  fire-tube  boiler  is  open  to  the  same  fatal  objection 
which  has  been  found  to  horizontal  fire-tube  boilers,  viz.  :  access 
to  some  places  is  impossible.  I  was  taught  the  necessity  for 
providing  access  to  every  foot  of  the  heating  surface  for  the 
purpose  of  cleaning  the  scale  by  mechanical  means,  by  a  severe 
experience  in  Brooklyn,  in  1885,  with  the  first  water-tube  boiler 
I  built.  This  boiler  was  not  readily  accessible  for  cleaning,  and 
gradually  accumulated  scale.  One  night  a  tube  burned  out  and 
burst,  scalding  two  men  so  badly  that,  although  they  recovered, 
their  lives  were  despaired  of  for  a  time.  This  was  the  only 
case  in  which  men  have  been  injured  by  a  boiler  with  which  I 
liave  been  connected.     It  was  a  hard  and  costly  lesson,  but  it 
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taught  me  that  circulation  will  uot  keep  a  boiler  clean  even  with 
exceptionally  good  water,  such  as  Brooklyn  had  in  1885,  and  that 
it  is  necessary  to  provide  easy  access  to  every  foot  of  the  heating 
surface  for  the  purpose  of  removing  this  tough  scale,  in  order 
that  a  boiler  may  be  safe,  economical,  efficient,  aud  durable. 
There  may  be  an  occasional  exception,  such  as  the  water  of  the 
Merrimac  Eiver,  but  I  have  had  no  experience  with  such  pure 
water,  aud  it  is  rarely  met  with. 

The  superiority  of  vertical  over  horizontal  tubes,  and  the  advan- 
tage of  convenient  access  and  machine  cleaning,  were  well  illus- 
trated by  a  case  in  Scotland.  A  large  steel  works  there  gave  me  an 
order,  in  189-i,  for  a  water-tube  boiler  of  4,370  feet  of  heating  sur- 
face, to  be  installed  between  rows  of  Babcocks.  The  water  was 
very  bad,  necessitating  the  stoppage  of  each  Babcock  for  one  day 
every  five  weeks  for  cleaning,  aud  four  men  w^ere  constantly  em- 
ployed cleaning  the  Babcocks.  The  large  boiler,  which  I  installed, 
ran  far  beyond  its  rated  capacity  for  eighteen  months,  night  and 
day,  without  stoppage  for  cleaning.  The  mud  and  the  hard,  glassy 
scale  were  removed  regularly  by  blowing  off,  by  the  judicious  use 
of  soda,  and  by  washing  out  with  a  hose.  Although  the  owners 
of  the  boiler  wrote  me  that  the  tubes  near  the  feed  pipe  were 
gradually  filling  up,  I  pursued  my  journeys  in  Britain  and  on  the 
Continent,  and  at  the  end  of  eighteen  months  I  cleaned  the  tubes 
near  the  feed  pipe  in  a  few  hours,  a;id  the  boiler  went  to  work 
again  for  another  long  period.  Some  of  the  tubes  in  this  boiler, 
which  were  cleaned  without  difficulty,  had  bends  amounting  to  180° 
in  each.  It  has  been  said  that  scale  inside  of  a  bent  tube  cannot 
be  cleaned,  and  that  boilers  constructed  of  bent  tubes  have  died 
a  natural  death  and  been  buried  because  they  could  not  be 
cleaned,  but  the  fact  is  that  vertical  bent  tubes,  entering  radially 
into  horizontal  drums,  can  be  cleaned  quicker,  by  power  apparatus, 
than  straight  tubes  either  vertical  or  horizontal.  I  have  been 
informed  by  an  eminent  member  of  this  Society  that  in  parts  of 
Ohio,  where  the  water  is  bad,  bent  tubes,  when  scaly,  are  cut  out 
and  replaced  with  new  ones.  This  is  unnecessary  because  vertical 
bent  tubes  can  be  cleaned  readily  by  power  apparatus. 

I  wish  here  to  give  a  word  of  caution  as  to  the  danger  of  using 
water-tube  boilers  with  straight  tubes  and  flat  tube  plates.  Id 
was  a  boiler  of  this  description,  called  the  Firmenich,  which  ex- 
ploded and  wrecked  a  large  flour  mill,  in  St.  Louis,  several  years 
ago.     The  strains  on  the   tube   plates  of  water-tube  boilers  are 
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totally  different  from  those  iu  fire-tube  boilers.  A  little  retiection 
will  convince  any  engineer  that  flat  tube  plates  in  a  wateMube 
boiler,  to  be  safe,  must  have  a  stay  between  each  tube,  and  this  is 
the  case  in  the  Heine  boiler.  Stays  in  the  drums  of  vertical  water- 
tube  boilers  make  them  inaccessible  for  cleaning;  therefore  I  say 
avoid  flat  tube   plates   in  water-tube  boilers,  as   they   are  very 

dangerous.  .     ,  ,     .,         ,  j- 

There  is  still  another  reason  why  vertical  boilers  have  won  tor 
themselves  the  highest  place.  In  properly  constructed  vertical 
boilers  the  heating  surface  is  further  removed  from  the  fire  than 
iu  horizontal  boilers.  This  is  a  very  important  matter,  as  the 
volatile  hydrocarbons,  which  form  a  large  percentage  of  all  bitumi- 
nous coals,  require  for  their  proper  combustion  that  there  shall 
be  time  and  space  between  the  grate  and  the  heating  surface. 

There  are  two  other  matters,  in  addition  to  the  economy  of 
coal  Nvhich  should  be  noted  in  favor  of  vertical  tubes  :  1st,  the 
much  smaller  cost  in  cleaning;  and,  2d,  the  saving  m  interest, 
depreciation,  and  repairs  from  the  use  of  fewer  boilers,  due  to  the 
fact  that  stoppages  for  cleaning  are  shorter  and  less  frequent. 

Taldn^  the  data  which  Mr.  Dean  gives  iu  his  paper,  read  at 
this  meeting,  an  economy  of  coal  of  Ti  per  cent.,  due  to  vertical 
boilers,  as  shown  by  Mr.  Christie's  tests,  work  out  at  5o  cents  per 
horse-power  year.  First-class  vertical  water-tube  boilers  can  bo 
bou-ht  and  installed  complete,  to-day,  for  less  than  $5  per  indicated 
hors°e-power,  so  that  it  would  pay  more  than  10  per  cent  per  annum 
to  throw  out  horizontal  boilers  and  substitute  vertical  water-tube 

boilers. 

Prof.  R.  C.  Carpenter.— lii  the  paper  by  Mr.  Christie  is  an 
extensive  collection  of  results  of  boiler  tests,  but  I  cannot  but 
feel  that  in  its  present  form  the  data  so  laboriously  collected  will 
be  of  little  value ;  it  could,  however,  be  made  of  great  value  by 
giving  additional  information  in  relation  to  each  test  regarding 
kind  of  fuel,  make  of  boiler,  and  authority  quoted. 

It  is  also  regretted  that  the  diagram  of  results  is  not  plotted 
with  reference  to  combustible  per  square  foot  of  grate,  especially 
for  the  bituminous  coal,  instead  of  coal  per  s.iuarc  foot  of  grate. 
It  would  seem  that  such  data  must  have  been  available,  or  at 
least  could  have  been  found  by  calculation,  since  the  results  are 
given  as  evaporation  per  pound  of  combustible  instead  of  per 
pound  of  coal.  The  heating  value  of  coal  used  in  different  sec- 
tions of  the  country  varies  more  than  50  per  cent,  for  an  equal 
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M'eight,  while  the  variation  iu  lieatiug  value  per  pouud  of  com- 
bustible probably  does  not  exceed  10  per  cent.  For  this  reason 
diagrams  or  results  based  on  combustible  are  more  strictly  com- 
parable than  when  based  on  coal. 

The  writer  found  that  a  simple  empirical  equation  of  the  form 
2/  =  ^^  ~~  ^^/x,  iu  which  y  =  evaporation  per  pound  of  comltus- 
tible,  X  weight  of  combustible  per  hour  per  square  foot  of  heat- 
ing surface,  B  a  constant  depending  on  the  fuel  equal  14.3  for 
coal,  c  a  constant  depending  on  the  form  of  boiler,  etc.  The 
equation  seems  to  have  a  rational  basis  for  high  values  of  y  and 
low  values  of  a?,  but  fails,  and  may  even  give  absurd  results  for 
extremely  high  values  of  x,  say  2|  to  3  pounds  of  combustible 
per  square  foot  of  heating  surface,  or  100  to  120  pounds  per  square 
foot  of  grate  per  hour.  It  should  hold,  however,  for  values  of  x 
much  greater  than  any  plotted  by  Mr.  Christie. 

In  experiments  made  by  the  United  States  Navy,*  the  results 
are  closely  expressed  by  the  following  equations  : 

y  —  14.3  —  4:.5^x  for  water-tube  boiler. 
y  =  14.3  -  5^x  for  tubular  boiler. 

I  have  drawn  a  curve  on  each  of  the  Diagrams  III.,  V.,  and  VII., 
respectively  corresponding  in  character  to  curves  represented  by 
the  equation  as  stated  above.  The  equation  of  the  curve  which 
agrees  most  closely  with  the  results  on  Diagram  III.,  AB,  for 
vertical  boilers  (Fig.  81),  is 

y  =  U.3  =  5Vx', 

in  which  x'  equals  coal  per  square  foot  of  heating  surface  per 
hour ;  that  with  the  results  shown  on  Diagram  Y.,  AB,  for  hori- 
zontal boilers  (Fig.  82),  anthracite  coal,  is 

y  =  14.3  -  6.7 ^x. 

These  two  curves  agree  as  closely  as  possible  with  the  widely 
divergent  results  plotted,  and  indicate  in  both  cases  a  loss  of 
efficiency  with  anthracite  coal  which  increases  with  the  square 
root  of  the  amount  of  coal  consumed. 

The  same  curve  y  =  14.3  —  6.7 Vx  is  plotted  at  AB  on  Dia- 
gram VII.  (Fig.  83),  for  horizontal  boilers  with  bituminous  coal, 
and  is  seen  not  to  apply,  or  at  least  not  to  agree,  with  the  plotted 
results.     The  straight  dotted  line  CD  will  agree  with  the  plotted 

*  Referred  to  in  vol.  ii.,Weisbacli's  Mechanics ;  The  Steam  Engine,  by  BuU. 
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VERTICAL    BOILERS.  BITUMINOUS    COAL. 


A       Fig.   78. 


Chtistle 


.3  .4  .5  .6  .r 

Coal  per  Hour  per  Sq.  Ft.  of  H.  S. 
Equation  of  Com.  y  =  U.3-5\/x' 
Fig.  81. 

Horizontal  Boilers. 


ANTHRACITE    COAL. 


.3  .4  .5  .0  .7 

Coal  per  Hour  per  Sq.  Ft.  of  H.  S. 
Equation  of  Com.y  =  14.3-C-7\/S8^ 
Fig.  82. 
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results  probfiblv  as  closely  as  any  lino  can  ;  the  equation  of  this 
line  in  1/  =  14:..')  —  8.3a?',  and  indicates  a  loss  of  efficiency  increasing 
directly  with  increase  in  the  rate  of  combustion.  Such  a  condi- 
tion can,  of  course,  only  exist  even  approximately  for  moderate 
rates  of  combustion. 

The  diagrams  all  show,  however,  a  decrease  in  efficiency  due  to 
increase  of  rate  of  combustion.  It  should  be  remarked  here  that 
while  this  condition  is  in  general  true,  and  perhaps  always  true 
when  the  heating  surface  is  equally  efficient  at  all  rates  of  firing. 


Horizontal  Boilers 


Bituminous  Coal. 


3  .4  .5  .6  .7 

Coal  per  Hour  per  Sq.  Ft.  of  H.  S. 
Equation  of  Com.  y  =  14.3  -  6.7  /a ' 

Fig.  83. 


1.0 


it  is,  on  the  contrary,  often  not  true,  especially  with  water-tube 
boilers.  For  instance,  a  boiler  having  a  setting  of  the  class  as 
indicated  in  the  above  sketch  (Fig.  84)  will  doubtless  be  found  to 
have  a  maximum  efficiency  corresponding  to  some  rate  of  combus- 
tion, and  a  less  efficiency  either  for  a  less  or  greater  rate  of 
combustion. 

If  the  rate  of  combustion  is  low,  the  path  of  the  heated  gases 
will  take  the  direction  and  location  indicated  by  the  arrows,  and 
that  portion  of  the  boilers  at  (7  and  i^will  be  comparatively  cool 
and    of  little  service ;  as  the  rate  of  combustion  increases,  the 
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hot  gases  till  the  eutiro  space  of  the  boiler  more  aud  more  nearly, 
and  the  highest  economy  is  only  reached  when  the  passages  AB 
and  UD  are  well  filled  with  hot  gases.  I  have  taken  tempera- 
tures at  different  portions  of  a  boiler,  and  have  found  that  the 
thermometer  readings  indicated  the  existence  of  conditions  as 
described.  This  is  not  said  to  criticise  this  form  of  setting;  on 
the  contrary-,  it  is  probably  as  good  as  any  desired,  and  all  settings 
of  water-tube  b-oilers  are  probably  open  to  the  same  objection. 

I  made  at  one  time  a  series  of  tests  on  a  water-tube  boiler,  set 
in  a  somewhat  similar  manner,  and  in  that  case  found  an  increase 
in  economy  with   an  increase  in  the  rate  of  coal  consumption. 


Fig.  84. 

from  the  lowest  to  the  highest  limits  possible  under  the  existing 
conditions  of  draft  and  grate. 

3Ir.  William  Kent. — The  high  position  which  the  vertical  boiler 
shows  in  Mr.  Christie's  paper  is  due  to  his  including  in  it  some 
reported  results  which  should  not  be  believed.  That  is,  such  a 
result  as  12.47  and  12.85  pounds  of  water  with  anthracite  coal, 
and,  with  bituminous  coal,  such  a  figure  as  13.40.  Striking  out 
these  figures,  it  changes  the  appearance  of  the  diagram  considera- 
bly and  modifies  the  conclusion  to  be  drawn  from  it.  The 
remarkable  thing  shown  about  these  tests  is  that  with  the  verti- 
cal boilers,  with  both  anthracite  and  bituminous  coal,  the  highest 
evaporation  recorded,  and  the  lowest,  is  found  at  the  same  rate  of 
combustion  of  coal  per  square  foot  of  heating  surface.     We  have 
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been  trjiug  for  some  time  to  find  what  ratio  there  is  between  the 
rate  of  driving  and  the  economy  of  the  boiler.  According  to 
these  diagrams  there  is  no  relation  whatever,  because  we  can  get 
both  the  highest  results  and  the  lowest  results  in  the  vertical 
boilers  with  the  same  rate  of  driving.  I  am  glad  to  see  that  Mr. 
Christie  has  come  to  the  opinion  I  expressed  last  year,  and  he 
puts  it  in  almost  the  same  language,  namely,  that  the  location  in 
the  diagrams  of  most  economical  performance  seems  to  him  to  be 
within  a  certain  area  rather  than  on  a  particular  line.  I  ex- 
pressed that  opinion  in  the  discussion  of  Mr.  Hale's  paper  last 
year,  and  went  a  little  further  and  stated  that  the  breadth  of  that 
area  is  the  measure  of  our  ignorance  on  the  subject  of  boiler 
economy.  The  economy  of  a  boiler  dejiends  on  a  greater  num- 
ber of  different  conditions  other  than  the  one  condition  of  rate  of 
evaporation,  and  starting  with  that  fact  as  a  basis,  we  should  try 
to  find  out  what  conditions,  other  than  the  rate  of  evaporation, 
influence  the  economy*  of  a  boiler.  Of  these  conditions  Mr. 
Christie's  paper  gives  us  no  knowledge  whatever. 

Mr.  L.  S.  BandoJpIt. — There  is  one  suggestion  I  would  like  to 
make.  In  looking  over  this  paper  I  think  it  would  be  a  verj^ 
valuable  improvement  if  the  type  of  boiler  were  more  definitely 
indicated,  viz.,  if  it  is  a  vertical  boiler,  a  water  tube  or  fire  tube, 
straight  tube  or  "  bent  tube  boiler,  wdth  horizontal  drums."  This 
was  suggested  by  a  fact  which  Mr.  Kent  has  called  attention  to, 
that  in  these  vertical  boilers  are  included  some  figures  which  are, 
to  say  the  least,  in  doubt  at  the  present  time. 

Mr.  W.  W.  Christie.'^ — We  will  all,  no  doubt,  profit  by  the  dis- 
cussion of  this  paper,  and  it  is  gratifying  that  my  assertion  of  a 
year  ago,  that  the  efficiency  of  evaporation  in  a  given  boiler 
decreases  as  the  rate  of  combustion  increases,  is  in  the  main 
sustained.  As  to  Mr.  Randolph's  suggestions,  life  is  too  short, 
and  my  time  too  much  occupied,  to  go  into  the  detailed  state- 
ments noted. 

*  Author's  closure,  under  the  Eules. 
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DCCLXVI.* 
CAST  IRON  UNDER  IMPACT. 

BY   W.    J.    KEEP,    DETROIT,    MICH. 

(Member  of  the  Society.) 

The  object  of  the  experiments  described  in  this  paper  was  to 
determine  the  influence  of  shock  upon  cast  iron. 

They  incidentally  show  the  use  of  mechanical  analyses  in 
determining  the  causes  of  physical  changes  which  take  place  in 
cast  iron. 

The  kind  of  shock  .considered  is  a  blow,  which  shall  not  pro- 
duce distortion,  delivered  on  a  test  bar.  Blows  were  delivered 
by  hammers  of  various  weights,  on  different  parts  of  test  bars, 
and  also  by  dropping  test  bars  3  inches  and  allowing  them  to 
strike  endwise  on  an  anvil.  Test  bars  were  also  subjected  to 
shock  by  tumbling  them  in  a  tumbling  barrel.  The  following 
observations  were  made  : 

Striking  Test  Bars  on  the  Side  Decreases  thei?'  Length. 

The  decrease  is  so  small  that  it  is  difficult  to  eliminate  errors 
in  taking  measurements.  The  greatest  care  was  taken  in  the 
Series  a  and  h,  Table  I.,  to  avoid  error.  The  average  of  19  pairs 
of  bars.  Series  a,  shows  that  10  blows  with  a  ^ -pound  hammer 
on  the  side  of  a  test  bar  ^  inch  square  by  1  foot  long  shortens 
it  .0001  of  an  inch.  <  See  also  Series  h.)  Ten  blows  on  the  side 
of  another  single  bar  made  it  .0005  shorter.  On  still  another, 
.00012  shorter.     See  also  Table  II.,  witli  50-incli  bars. 

The  measurements  of  decrease  or  increase  in  length  were 
made  as  follows  :  All  test  bars  were  cast  in  green  sand  moulds 
in  which  were  bedded  cast-iron  yokes.  Between  tJie  sides  of 
the  test  bar  and  the  yoke  was  one  inch  of  sand.  The  inner 
end  surfaces  of  the  yokes  formed  the  ends  of  the  mould ;  they 
were  parallel,  and  they  slightly  chilled  the  ends  of  the  test  bars. 
The  test  bar  and  the  yoke  were  placed  upon  the  follow  board  in 

*  Presented  at  the  New  York  raeeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  foiming  part  of  Volume  XIX.  of  the  Transactions. 
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exactly  the  same  position  which  the  jiatteru  and  joke  had  occu- 
pied when  the  moukl  was  made,  and  this  relative  position  was  at 
all  times  maintained.  When  both  test  bar  and  ycke  were  of  the 
same  temperature  as  the  atmosphere,  a  taper  scale  graduated  to 
thousandths  of  an  inch  was  passed  between  the  chilled  end  of 
the  bar  and  the  face  of  the  end  of  the  yoke,  and  the  reading  on 
the  scale  recorded.  The  space  just  measured  was  closed  by 
shoving  the  end  of  the  test  bar  against  the  end  af  the  yoke,  and 
the  space  at  the  other  end  was  measured.  Tlie  reading  was 
taken  to  one  quarter  thousandths  of  an  inch.  The  average  of 
the  two  readings  on  the  scale  showed  the  shrinkage  of  the  bar. 
After  treatment,  the  distance  between  the  ends  of  the  bar  and 
the  yoke  was  again  measured.  The  difference  between  this 
and  the  original  measurement  is  the  gain  or  loss  in  length. 
Gains  are  -r  and  losses  — .  The  numbers  recorded  are  in  most 
cases  averages  of  the  measurements  of  several  bars.  The  figures, 
therefore,  apjjear  to  indicate  closer  readings  than  quarter  thou- 
sandths. 

All  test  bars  of  Tables  I.  and  III.  were  12  inches  long  and  i 
inch  square  (except  Series  I).  Series  a  and  7  are  from  the  same 
bars,  as  are  h  and  33.  The  series  6  to  14  are  each  made  by 
<?ombining  the  test  bars  of  five  separate  tests,  of  which  the 
measures  of  length  are  shown  in  series  c  to  y.  When  the  de- 
sired number  of  blows  had  been  delivered,  the  bars  were  meas- 
ured. After  a  sufficient  number  of  additional  blows  were  given 
to  complete  another  number,  each  bar  was  measured  again,  and 
so  on. 

The  bars  of  Series  h  are  the  same  as  in  Series  15  to  17. 
Series  /  and  41  are  the  same,  so  are./ and  42.  The  strength  of 
bars  of  Series  k  are  not  given.  The  strength  of  the  bars  of 
Series  I  is  to  be  determined.  In  Series  m  to  r  the  bars  were 
measured  each  time  that  they  were  removed  from  the  tumbling 
barrel.  Series  m  and  18  are  from  the  same  bars,  so  are  n  and 
19,  0  and  44,  p  and  45,  q  and  46.  The  bars  of  Series  r  were  not 
tested  for  strength.  The  diagram  at  the  top  of  Table  II.  and 
the  description  given  in  the  table  and  text,  I  think,  explain  the 
records.  In  all  cases,  in  all  tables,  the  record  is  the  cliange  in 
the  total  length  of  the  test  bar. 

Four  test  bars  ^  inch  square  x  12  inches  long,  protected  by 
two  thicknesses  of  thin  sheet  iron  from  all  contact  with  other 
castings,  were  placed  in  a  tumbling  barrel  and  were  tumbled  for 
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TABLE    I. 
Decrease  in  Length  from  BLows. 
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.0007 


.00088 
.OOOCO 


85 


5i 


After  tumbliiit;  3  hours  =  .00302. 


.00054 
.00100 
.00050 
.00109 
.00116 


.00075 


.00067 
.00112 
.00058 
.00109 
.00116 


.00033 


.00067 
.00134 
.00066 
.00109 
.00125 


.00083 


.00073 


c  S 


.00153 
.00075 
.00126 
.00129 


.00083 


.00083 
.00126 
.00133 


.00018 


O  IV 

§5 


O  a) 


.00134 
.00146 


.0007 


.00175 


.00053 


.00050 
.00045 
.00062 

.00075 
.00075 
.00087 

.00070 

.00086 

!(X)694' 
.00031 

.000.50 
.(/0044 
.00100 
.00031 

.00141 

After  tumbling  3  hours  was  2.;)8  longer. 


After  100,000  blows  was  .00080. 
"     250  000      '•         '■      .00067  gam  m  length. 
"      500'.0()0      "         "      .00117  from  wear. 

After  .5.000  blows  =  .004.31  pig-iron  No.  1  Silvery  DeBar. 
_  .00418         ••  '■     1  Soft 

"        "         "       =  .00325       ••  "    1  Foundry   " 

"         '•       -  .00075       '•  Mottle 

After  5,000  blows  =  .00088  pigiron  No.  2  Silvery  De  Bar. 
"      1=  .00100        ■■        Poor         '  ,      , 

=  .00187        '•        No.  2  F'y  W  oodward. 

After  1  blow  on  each  end  .00092  bars  10  years  old. 

I  .00150  '  I 


00175 


Test    1    ........ 

y  a  y-  \  After  tumbling  3  "hours  -      .00132 
I'lon".!       "  "        6      "       =+ .00037  (longer). 


three  hours.     The  average  shortening  was  .00065  inch.     In  this 
case  there  could  have  been  no  wear  on  the  ends.     One  test  bar 
from  each  of  various  brands  of  pig-iron  was  protected  by  one 
23 
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thickness  of  sheet  iron,  and  was   tumbled  three  hours.     The 
amount  of  shortening  is  given  in  Table  X.,  Series  39  and  40. 

Of  11  test  bars,  Series  m.  Table  III.,  tumbled  in  contact 
Avith  other  castings  for  half  an  hour,  G  bars  had  become 
shorter,  4  measured  the  same  as  when  put  in,  and  1  had  grown 
longer. 

Blows  on  the  End  of  a  Test  Bar  Shorten  it. 

Series  a,  Table  I.,  is  most  free  from  error.  A  blow  was  first 
delivered  on  one  end.  The  test  bar  was  held  in  a  vertical  posi- 
tion, its  lower  end  resting  on  a  pine  board  two  inches  thick. 
Half  of  a  broken  test  bar  was  held  on  the  end,  slanted  slightly 
from  vertical,  to  allow  one  edge  of  the  lower  end  to  rest  across  the 
centre  of  the  chilled  end  of  the  test  bar.  One  blow  was  struck 
on  the  upper  end  of  the  half  bar  and  was  transferred  to  the  upper 
end  of  the  test  bar.  There  was  thus  little  danger  of  upsetting 
the  end  of  the  test  bar.  The  shortening  was  five  times  as  great 
as  with  ten  blows  delivered  on  the  side  of  the  same  bar  with  the 
same  hammer.  A  blow  delivered  in  the  same  way  on  the  other 
end  showed  a  shortening  only  one-fifth  of  that  due  to  the  first 
end  blow.  A  piece  of  lead  was  then  placed  on  the  end  of  the  test 
bar,  and  two  blows  with  the  ^-pound  hammer  were  struck  on 
each  end,  and  the  effect  was  less  than  the  second  single  end 
blow.  On  the  same  lead,  one  blow  was  struck  on  each  end  by 
a  l:j-pound  hammer,  with  an  effect  about  equal  to  either  of  the 
single  end  blows.  The  other  series  in  Table  I.  may  not  have 
been  quite  as  free  from  error,  though  at  the  time  of  making  the 
experiment  it  was  supposed  that  every  precaution  was  taken  to 
avoid  error. 

A  blow  seems  to  exert  the  greatest  influence  in  the  direction 
in  which  it  is  delivered.  It  is  difficult  to  determine  whether  the 
shortening  which  follows  an  end  blow  is  caused  by  a  general 
rearrangement  of  crystals,  or  by  an  upsetting  of  some  portion  of 
the  .bar.     If  the  latter,  cast  iron  is  upset  by  a  very  slight  blow. 

In  Table  II.  the  lower  end  of  the  50-inch  bars  rested  on  the 
wooden  floor  and  the  upper  end  was  steadied  by  the  hand.  I 
endeavored  to  measure  the  change  in  the  length  of  the  bar 
when  the  gates  were  broken  off,  but  there  were  so  many  chances 
that  the  bar  lay  in  a  slightly  different  position  when  measured 
that  the  records  are  not  given.  If  further  experiment  should 
show  that  the  casting  becomes  shorter  when  struck  with  a  ham- 
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mer,  it  will  in  part  explain  the  frequent  cracking  of  a  casting  by 
rapping  o&  the  gates,  as  in  the  case  of  a  pulley  with  light  arms. 
If  a  blow  exerts  this  influence,  we  can  understand  the  frequent 
change  in  shape  of  many  castings.  I  have  a  planing  machine 
made  to  dress  pine  lumber  to  ^V  of  an  inch  thick,  and  it  is  very 
difficult  to  keep  the  upper  surface  of  the  bed  true. 

To  ascertain  if  shipping  castings  by  railroad  would  affect 
them,  I  packed  7  test  bars  in  excelsior,  Avedged  6  bars  tight  in 
a  box,  and  packed  6  test  bars  loosely  in  another  box,  so  that 
they  would  always  lie  two  deep.  I  sent  them  on  the  floor  of  a 
box  car  over  the  railroad  between  Detroit  and  Chicago  four 
times.  The  first  two  sets  showed  no  change.  If  the  measure- 
ments were  correct,  the  bars  packed  loose  were  a  trifle  shorter 
(.OOUOG;,  but  there  might  have  been  an  error,  as  the  first  and 
last  measurements  were  taken  twenty  days  aj)art. 

In  Table  I.  each  of  the  series  shows  the  influence  of  a  small 
number  of  blows  on  the  end  of  a  test  bar,  and  Series  e  to  /  show 
the  amount  that  a  larger  number  of  blows  shorten  test  bars.  In 
Series  c  it  is  possible  that  the  end  of  the  test  bar  was  worn 
slightly.  Series  1  is  of  test  bars  1  inch  square  x  12  inches 
long.  The  shortening  influence  of  blows  is  as  apparent  as  in 
the  small  bars.  Some  of  the  shortening  of  bars  which  received 
a  large  number  of  blows  may  be  due  to  wear.  Tumbling  three 
hours  may  have  shortened  the  bar  even  more  than  18,000  blows, 
and  the  bar  at  the  same  time  may  have  been  stretched  by  the 
pounding  action  of  the  other  castings,  and  thus  make  the  record 
smaller.  Tumbling  six  hours  has  entirely  overcome  the  shorten- 
ing, and  the  test  bar  is  longer  than  when  placed  in  the  tumbler. 
The  bars  of  Series  h  showed  wear  plainly  on  the  end  of  the 
bars. 

Test  Bars  Tumbled  in  Contact  loith  Other  Castings  in  a  Tumbling 
Barrel  Increase  in  Length. 

This  is  in  proportion  to  the  malleability  of  the  iron,  and  is 
caused  by  the  peening  action  of  the  other  castings.  A  test  bar 
5  inch  square  x  12  inches  long  was  held  in  the  hand  by  one 
end,  and  500  blows  were  delivered  with  a  .\-pound  hammer  on 
the  four  sides  of  one  end,  the  blows  not  reaching  more  than  one 
inch  from  the  end.  The  bar  was  lengthened  .00025  inch.  Five 
hundred  blows  one  inch  from  the  other  end  lengthened  the  bar 
as  much  more,  making  it  .0005  inch  longer.     This  shows  that 
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the  peening  action  of  sucli  light  blows  delivered  on  the  loose 
end  of  a  test  bar  for  only  two  inches  of  its  whole  length 
increases  its  length. 

One  bar  was  struck  1,000  blows  with  a  ^-pound  hammer,  on 
only  one  side,  for  four  inches  in  length  at  the  centre,  until  the 
surface  was  smooth,  the  other  side  resting  on  an  anvil.  The 
bar  was  .00325  inch  longer. 

The  test  bars  which  received  a  quarter  and  a  half  million 
blows  (Series  //,  Table  I.)  were  placed,  four  in  each  compart- 
ment, of  a  specially  prepared  striking  machine,  and  they  bumped 
against  each  other  and  against  the  wooden  sides  of  the  compart- 
ments which  held  them,  until  their  sides  were  worn  smooth. 
Perhaps  this  action  peened  the  sides  and  caused  the  bars  to 
become  slightly  longer.  As  the  ends  of  all  bars  treated  in  this 
way  Avere  chilled,  the  wear  would  be  very  slight,  and  on  bars 
receiving  less  than  18,000  blows,  probably  not  enough  to  be 
measured.  Other  test  bars  receiving  1,000  blows  from  a  A-pound 
hammer,  on  one  side,  leaving  Ir,  inches  at  centre  untouched, 
lengthened  the  bar  .00225  inch.  Test  bars  in  a  tumbling  barrel 
are  more  like  bars  held  in  the  hand  and  struck  with  a  very  light 
hammer,  though  they  receive  some  blows  while  they  rest  on  the 
side  of  the  barrel. 

All  tumbled  bars  reported  in  this  paper  were  measured,  and 
gained  in  length.  The  gain  of  a  number  of  bars  is  given  in 
Table  III.,  Series  m  showing  the  gain  at  the  end  of  each  half 
hour.  Series  n  shows  the  gain  in  length  when  tumbled  ten  hours. 
That  the  gain  in  length  is  not  due  to  any  change  in  arrange- 
ment of  crystals  is  shown  by  the  record  of  test  bars  of  steel 
and  wrought  iron  (Series  /■).  A  tempered  steel  bar  changed  very 
little.  The  same  tool  steel  not  tempered  was  slightly  longer. 
A  bar  of  Bessemer  steel  lengthened  as  much  as  the  cast-iron 
bars.  The  wrought-iron  bar  was  so  soft  that  at  the  end  of  one 
hour  the  ends  were  worn  round,  and  the  bar  was  .0012  inch 
shorter  from  wear  than  when  put  in.  At  the  end  of  two  hours 
the  ends  continued  to  wear  rapidly,  but  the  peening  of  the  sides 
lengthened  the  bar  .00087  inch,  and  at  the  end  of  three  hours 
.00187  inch.  It  was  the  action  of  tumbling  on  this  non-crystalline 
bar  that  suggested  the  same  cause  for  the  lengthening  action  on 
cast  iron. 
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TABLE    IT! 
Number  of  Houiis  Tumbled  akd  Increase  in  Length. 


No.  Series 


Av.  No. 
of  Bars. 


No.  Series. 


No.  Bars. 


No.  Series. 


No.  Bars, 


3 

d 

O 

o 

m 

w 

.0001  a 

00010 

.00100 

0 

.00050 

00019 

.00012 

0 

.0002,') 

0 

.0002-) 

0 

.00019 

00013 

.00100  1 

00006 

.00014  i 

00040 

.00038 

ooor.j 

.00075 

1 

3      t> 

2 

i 

22 

. 

O      3 

3 

3 

3 

^      w 

K 

O 

H 

a 

O 
W 

W 

0 

rl    t    IT) 

m 

CO 

m 

■* 

t 

»n 

.00138 

00106  .00206 

0(K)S1  .001.50 

.00169 

OOOSr  .001 2.5. 001 62 

.00163 

00(156  .110175  .OdlS-J 

.(10225 

.002.50 

(X)]Ol)  .(iilloo  .(Klllll 

.(lOl.T) 

.00135 

.00194 

000S2  .00 1 ;«,.(!( 11. 50 

.(I01(i8 

.00163 

.00163 

.00103 

00125  .00114  .00144 

.00157 

.001.57 

.00157 

.(Kt'JOO 

.00231 

00025  .00150 

1 

.00175 

.00175 

.toi;5 

.00175 

.00 175 

.CO 175 

.00250 


2  Hours.    '    3  Hours. 


.00000 
.00450 
.00400 
.00350 
.00300 
.00400 
.00350 
.00400 
.00200 


.004.50 
.00400 
.00400 
.(i0400 
.00400 
.003.50 
.004.50 
.00200 


4  Hours. 


.00400 
.00350 
.00350 
.00400 
.00325 
.00500 
.00200 


Increase 
in  Length. 


.00250 
.00250 
.00450 
.00250 
.00400 
.00100 


No.  Hours. 


5  Hours. 
6 


Name  of  Pig-Iron. 


1  Silvery  De  Bar  . 

I  Soft 

1  Foundry   " 

Mottle  '• 

White 


2  Silvery  De  Bar 

3  '•  "        

2  Soft  Rockland 

Poor  ■'         

2  Foundry  Woodward. 


1  Hour. 


.00058 
.00212 
.00100 
.00076 
.0 

.00156 
.00100 
.00100 
.00069 
.00112 


2  Hours. 


.00150 
.00200 
.00156 
.00076 
.0 


3  Hours. 


.00212 
.00200 
.00200 
.00094 
.0 


.00.325  j     .00375 

.00212  I     .00219 

.00125  .00156 

.00133  .00133 

.00256  I     .00287 


3  bars  each  of  Dayton  pig  iron  tumliled  2  hours  =  Close  Silvery  .00125.  Open  Silvery 
.00250,  2  Foundry  .00100,  1  Mill  .00150,  Open  Bright  .0,  Open  Bright  .00075,  2^ 
Foundry  .00025,  Mottle  .00100.  2  Mill  .00150. 

A  tempered  tool-steel  tost  bar  tumbled  1  hour  .00010,  2  hours  -.00013.  3  hours  -.00006. 
Same  steel  untempered  1  hour  .00087,  2  hours  .00012,  3  hours  .00050.    Bessemer  bar 

1  hour  .00150,  2  hours  .00200,  3  h(jurs  .00300.     Wrought-iron  bar  1  liour  -.0012, 

2  hours  .00087,  3  hours  .00187. 


STRENGTH   AND    IMPACT. 

Are  Test  Bars  Strengthened  by  Impact  ? 

It  ift  a  difficult  thing  to  impart  shock  to  a  test  bar  without 
changing  in  some  way  tlie  character  of  its  surface.  In  every 
case  the  experiments  described  in  this  paper  were  made  with 
pairs  of  test  bars  cast  from  one  gate,  and  marked  1  and  2.  No. 
1  bar  was  tested  in  its  original  condition  as  it  came  from  the 
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saud.  No.  2  was  treated  by  impact.  The  two  bars  are  then 
tested  transversely  ou  an  autograpliic  machine,  and  the  variation 
of  the  record  of  No.  2  from  that  of  No.  1  is  considered  the  result 
of  im]iact.  Unless  otherwise  stated,  the  test  bars  are  ^  inch 
square  by  12  inches  long.  It  is  necessary  to  call  attention  to 
the  following  facts  regarding  cast  iron : 

It  is  not  an  alloy,  bnt  a  mixture  of  iron  with  from  5  to  10  per 
cent,  of  metalloids.  This  mixture  is  partly  chemical  and  partly 
mechanical,  and  is  not  uniform. 

The  strength  of  a  casting  is  dependent  upon  the  character  of 
its  crystals  or  grains.  Large  grain,  or  grains  loosely  interlocked, 
invariably  produces  weakness. 

The  character  of  grain  dej)euds  upon  the  size  of  the  casting, 
upon  the  various  local  conditions  attending  melting  and  the 
entrance  of  the  iron  to  the  mould,  and  upon  the  chemical  com- 
position of  the  metal. 

The  lack  of  homogeneity  is  such  that  it  is  a  rare  thing  for  even 
the  two  test  bars  which  are  cast  together  to  have  the  same 
strength. 

Taking  all  of  these  things  into  account,  we  must  not  attach 
importance  to  the  variation  of  the  bars  of  any  single  pair,  but 
must  consider  averages ;  or  it  is  better  to  consider  tendencies. 
If  the  general  tendency  of  the  records  of  a  series  of  tests  is  in 
any  direction,  it  should  receive  consideration.  If  there  are  as 
many  j^airs  of  bars  which  show  an  opposite  tendency,  the  fact  of 
the  tendency  in  one  direction  being  greater  does  not  necessarily 
show  that  the  greater  variation  is  caused  by  the  treatment. 
One  large  variation  on  one  side  and  several  small  variations  on 
the  other  may  show  an  average  ou  the  side  of  the  large  varia- 
tion, while  such  large  variation  may  have  been  caused  by  some 
condition  which  cannot  be  located,  and  yet  which  is  not  caused 
by  the  treatment.  Both  tendencies  and  averages  should  be 
considered.  If  enough  tests  could  be  compared,  tendencies 
and  averages  would  agree.  When  the  tendency  is  all  in  one 
direction,  without  exception,  there  can  be  little  doubt  of  its 
reliability.     The  first  method  of  imparting  impact  was  : 

S/iipjjing  Test  Bars  hy  Railroad,  in  an  ordinar}^  box  car,  more 
than  1,000  miles,  between  Detroit  and  Chicago.  Seven  test 
bars  were  packed  in  excelsior  so  that  they  did  not  touch  each 
other  or  the  sides  of  the  box ;  six  bars  were  packed  in  contact 
with  each  other  and  were  wedged  so  that  they  could  not  move. 
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Six  bears  were  placed  in  a  box  so  that  they  would  always  lie 
two  deep  and  could  move  when  a  jolt  occurred.  Seven  bars 
were  placed  in  a  tumbling  barrel  and  tumbled  two  hours.  The 
difference  in  strength  between  No.  1  bars,  which  were  in  the 
condition  in  which  they  left  the  mould,  and  the  No.  2  bars, 
which  received  the  treatment,  is  shown  in  Table  IV.,  Series  1  to 
4.  We  know  that  the  bars  packed  in  excelsior  would  receive 
the  least  shock,  those  wedged  tight  a  trifle  more,  and  those 
packed  loose  must  have  jolted  more  or  less.  The  results,  there- 
fore, indicate  that  the  bars  were  not  strengthened  by  impact. 

TABLE    IV. 
Shipped  by  Kail. 


Sekiks  1. 
ExcELsion. 

Series  2. 
Wedged  Tight. 

Series  3. 
Packed  Loose. 

Series  4. 

TUMBLKD  2  HofRS. 

Orig'l.    R.R.       Diff. 

Orig'l.    R.R.       DifE. 

Orig'l.    R.R.        DiflE. 

Orig'l.  Tumb'd.   Diflf. 

360     368          8 
363     368          6 
365     350     -15 
365     380        15 
378    370     -  8 
382    365     -17 
385    385          0 

371    369     -  2 

348    388        40 
370     378          8 
380    380          0 
3S0    380          0 
380    400        20 
399    388     -11 

376    386        10 

353     340     -12 
360     385        25 
375     380          5 
378    363     -15 
383     345     -3'7 
395     350     -45 

374    360     -14 

365    420        65 

377  400        23 

378  400        22 
385     416        31 
388    397          9 
390    421         31 
398     415         17 

383     410        27 

It  would  not  be  safe  to  conclude  that  these  bars  were  weak- 
ened, because  there  are  too  many  variations  of  the  opposite 
kind'  and  because  all  variations  are  within  the  amount  of  vari- 
ation of  pairs  of  bars  not  treated  at  all.  (See  Tables  Y.  and  VII., 
Series  o  and  28.)  Th(^  tumbled  bars,  without  exception,  show 
large  increase  of  strength. 
Bhics  Delivered  on  the  Side  of  a  Test  Bar  with  a  Hammer. 

A  thousand  blows  were  given  with  a  i-pound  hammer  to  the 
side  of  a  test  bar,  within  one  inch  of  each  end,  the  bar  being 
held  in  the  hand  by  the  other  end.  As  the  No.  1  bar  broke  at 
385  and  No.  2  at  375,  No.  2  was  not  strengthened  by  the  blows. 
A  test  bar  receiving  10  blows  like  the  above  broke  No.  1  at  355 
and  No.  2  at  360.  In  another  case  the  average  difference  of  four 
pairs  of  bars,  of  which  No.  2  received  the  same  10  blows,  was 
57  of  a  pound  less  for  No.  2.     In  Series"  T,  Table  V.,  with  nine- 
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TABL?:    v. 
Blows. 


s 

ERIE8 

5.              1 

Series 

7. 

Series  10. 

Series  13. 

Ori''- 
iiiiu. 

Orig- 

Differ- 

Orig- 

8 

Differ- 

Orig-    0,000     Differ- 

Ori]^-    1.5,000    Differ- 

inal. 

ence. 

inal. 

Blows. 

ence. 

inal.    Blows.     en('e. 

inal.    Blows,    ence. 

360 

360 

0 

340 

363 

23 

359     350     -  9 

390     393           3 

;{(iO 

3?5 

15 

350 

350 

0 

365     365          0     i 

400     420        20 

370 

380 

10 

350 

365 

15 

370     412        42 

370 

394 

34     \ 

353 

364 

11 

375    338     -37 

395    406        11 

375 

,",70 

-  5     ' 

358 

355 

-  3 

375    352     -23 

375 

375 

0 

362 

385 

23 

382     415        3:i 

Series  14. 

380 

360 

-20     i 

364 

372 

8 

390     390          0 

Orig-    18,000    Differ- 

385 

385 

0 

368 

348 

-20 

390    435        45 

inal.   Blows,    ence. 

390 

388 

-  2 

36S 

370 

2 

400    400          0 

86 >    375        15 

392 

397 

5 

368 

378 

10 

400    437        37 

370     396        26 

395 

360 

-35 

370 

362 

-  8 

425    426          1 

375    385        10 

400 

432 

32     i 

370 

368 

-  3 

429     412     -17 

380    416        36 

402 

406 

4 

370 

380 

10 

440    445          5 

385    380     -  5 

424 

475 

51 

374 

393 

19 

478    470     -  8 

398    383     -16 

426 

418 

-  8     1 

377 

370 

-  7 

_ 

400    390     -10 

427 

400 

-27     ! 

379 

357 

-22 

398    403         5 

400    412        12 

430 

400 

-30 

395 

372 

-23 

402     ;!96     -  6 

440 

400 

-40 

396 

370 

-26 

404    391     -13 

440 

438 

_  2 

398 

370 

-28 

420    380     -40 

445 

440 

-  5 

— 

420    400     -30 

463 

430 

-33 

369 

368 

-  1 

428    419     -  9 

— 

Series  11. 

— 

402 

399 

-  3 

Orig-     9.000     Differ- 
inal.   Blows,    ence. 

396    394     -  2 

Series  lb. 

Series 

3. 

335     345         10 

Orig. 
lual. 

100 

Differ- 

338    363        25 

Oric-  100,000   Differ- 
inal.   Blows,    ence. 

Blows. 

ence. 

347    363        16 

400    430        30 

375 

384 

9 

375     393         18 

4-28     430          3 
450    478        28 
452    463        11 

380 

385 

5 

382     393        11 

Series  6.            1 

380 

387 

7 

390     385     -  5 

383 

381 

-  2 

390     396          6 

Orig- 
inal. 

2 
Blows 

Differ- 
ence. 

383 
400 

383 

400 

0 
0 

i     426    433          7 

433    450        17 

360 

375 

15 

■ 

360 

395 

35 

408 

400 

-  8 

373    384        11 

Series  16. 

362 

358 

-   4 

415 

413 

-  2 

Orig.  !i.50,000  Differ- 

362 

370 

8 

442 

440 

—  2 

iual.   Blows,    euce. 

870 
376 

395 
372 

25 

-  4     ' 

445 

405 

-40 

400     400          0 

445 

410 

-35 

400     406          6 

378 

387 

9 





— 

Series  13. 

440     435     -  5 

385 
388 
390 

380 
345 
390 

-  5 

-43 

0 

405 

399 

-  6 

Ori°'-    12,000    Differ- 
inal.   Blows,    ence. 
340     345          5 

49.-)     490     -  5 
495     500          5 
518    540        23 

398 

343 

-55 

375    388        13 

458    462          4 

399 

400 

1 

Series  9. 

376     384          8 

400 

390 

-10' 

Orig- 

3,000 

Differ- 

380   380          0 

Series  17. 

400 
405 

390 
380 

-10 
-25 

inal. 
335 

Blows 
342 

ence. 

7 

•    388     402        14 
395     394     -  1 

Oris;-  .500,(100  Difler- 
inal.    Blows,     i-nce. 

408 

433 

25 

345 

360 

15 

396    418        22 

400     390     -10 

410 

426 

16 

360 

377 

17 

398    3S0     -18 

455     456          1 

427 

370 

-57 

395 

420 

25 

402     378     -24 

475     500        25 

430 

430 

0 

400 

398 

-  2 

406    440        34 

493    480     -13 

435 

412 

37 

422 

401 

-21 

430    430          0 

500     525        25 

440 

445 

5 

435 

400 

-35 

439     446          7 

1 

500    525        25 

394 

393 

-  1 

385 

385 

0 

i     394    399          5 

471     480          9 
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teen  pairs  of  bars,  No.  2  bars  received  10  blows  with  a  ^-pomicl 
hammer  on  the  sides  near  the  ends ;  then  they  received  6  blows 
(3  on  each  end)  with  the  same  hammer ;  then  1  blow  on  each 
end  with  a  l|-pound  hammer,  8  in  all.  In  each  case  the  bar 
rested  on  an  anvil  for  side  blows  and  on  a  wooden  bench  for  the 
end  blows.     There  was  no  gain  in  strength. 

Bloios  Delivered  on  the  End  of  a  Test  Bar. 

A  series  of  16  vertical  compartments  li  inches  square  and  12 
inches  deep,  with  pine  partitions  1  inch  thick,  and  a  cast-iron 
bottom  10  inches  square' and  1  inch  thick,  were  arranged  to 
be  lifted  suddenly  3  inches  by  a  cam  and  allowed  to  fall  on  a 
solid  foundation.  Springs  caused  the  compartments  to  fall 
faster  than  by  gravity,  leaving  the  bars  to  fall  of  their  own 
weight  on  the  iron  bottom.  Whether  the  bars  in  the  compart- 
ments fell  of  their  own  weight  or  descended  with  the  compart- 
ments, when  the  iron  bottom  stopped  the  bars  would  receive 
shock.  They  rebounded  about  3  inches  and  fell  on  the  iron 
bottom  a  second  time,  and  did  this  several  times,  each  fall  being 
from  a  less  height.  The  number  recorded  in  the  table  is  the 
number  of  times  the  compartments  were  raised,  and  the  bars 
received  at  least  twice  that  number  of  blows.  One  hundred 
initial  shocks  were  given  per  minute.  Tlie  records  marked 
"  Original "  for  both  bars  are  of  pairs  where  both  Nos.  1  and  2 
are  tested  as  they  came  from  the  mould,  and  show  the  varia- 
tion to  be  expected  in  untreated  bars. 

We  must  not  ascribe  any  difference  in  strength  to  treatment, 
unless  the  difference  always  varies  the  same  Avay,  and  is  large 
enougli  to  be  more  than  the  variation  between  the  No.  1  and  2 
bars  of  original  pairs,  as  Series  5. 

In  the  next  record  (Series  6,  Table  V.),  the  No.2  bar  received  a 
sharp  blow  from  a  i,' -pound  hammer  on  each  end.  No.  2  bars  of 
Series  8  to  17  received  blows  in  the  apparatus  described.  In 
explanation  of  the  greater  strength  of  both  No.  1  and  2  bars  of 
Series  15,  16,  and  17,  these  bars  were  cast  from  a  stronger  iron 
mixture.  (Also  see  remarks  regarding  smooth  surfaces  of  test 
bars. ) 

There  are  in  these  series,  taken  as  a  whole,  about  as  many 
variations  showing  decrease  as  increase  of  strength,  while  the 
averages  show  a  slight  increase  of  strength.  The  increase  does 
not  seem'to  bear  anv  relation  to  the  number  of  blows  received. 
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and  is  not  sufficiently  great  or  uniform  to  be  of  any  use  as  a 
strengthening  agent.  There  is  no  indication  that  the  number 
of  shocks  imparted  have  weakened  the  test  bars.  It  is  almost 
safe  to  conclude  that  this  amount  of  shock  has  not  influenced 
the  ability  of  the  test  bars  to  resist  a  dead  load.  The  third 
method  of  imparting  shock  was — 

TumhUm/  Test  Bars  in  a  Tuinhlinrj  Barrel.,  along  with  other  cast- 
ings and  with  a  large  quantity  of  small  hard  stars.  The  i-ecords 
of  a  number  of  series  of  tumbled  bars  are  given  in  Table  VI. 


TABLE  VI. 
Tumbled. 


Series  18. 

1 

Series  20. 

Series  21 

Dunn  Series  22. 

No.  Oriw-  Tnm-  DifEer- 

Orig- 
inal. 

IHour 

Differ- 

Orig- 2  Hours  Differ-  1 

Orig-  2  Hour 

«  Differ- 

Hrs.  inal.    bled.    ence. 

Tumb'd 

ence. 

inal.  Tumb'd. 

ence. 

inal.  Tumb'd.  ence. 

1     373     385     12 

309 

345 

36 

285     372 

87 

400     500 

WO 

U  364     ;!92     28 

345 

438 

83 

285    400 

115 

448    570 

122 

2'  373    390    17 

350 

445 

95 

290    390 

100 

455    540 

85 

2i  390    408    18 

375 

400 

25 

295    398 

103 

460    500 

40 

3     380    400     20 

378 

415 

37 

300    365 

65 

490    550 

60 

U  347    400     53 

385 

430 

45 

300    440 

140 

502    520 

18 

4    365    398    33 

395 

419 

24 

325    330 

5 

512    525 

13 

4+  390    412     22 

400 

460 

60 

330    374 

44 

520    528 

8 

5    373    895    22 

408 

372 

-36 

345    428 

83 

—    

— 

410 

471 

01 

348    382 

34 

473    529 

56 

433 

475 

42 

365    400 

35 

435 

450 

15 

—    — 

— 

Series  19. 

448 
450 

475 
450 

27 
0 

315     389 

74 

No.  Av.    Turn-  Differ- 
Hrs.  Orig.   bled.  ence. 

455 

447 

-  8 

Seri] 

ES  23. 

1     373     385     12 

— 

Record  Franklin  Ii 

istitute  Committee. 

2  373    430    57 

3  373    430    57 

398 

433 

35 

Ba?;     ""g'^^^l- 

Tumbl 

ed.  Difference. 

Percent. 
Gain. 

4    373    400    27 

16    1882.25 

2328 

50    446 . 25 

23.77 

The  otli,  6th,  7th, 

16    1991.. no 

2397 

19    405.69 

20.37 

and  10th  were  400, 

16    2127.06 

2456 

.56     329.50 

15.49 

the  9th  415. 

15     2269.73 

2566 

00     296.27 

13.05 

The  diflference  between  these  series  and  those  which  received 
simple  blows  is  that — 

Tumbled  Test  Bars  are  always  Stronger  than  Comijanion  Bars  not 
Tumbled.^ 

*  See  records  of  bars  1  inch  square  on  page  378. 

So  far  as  I  am  aware,  this  fact  was  first  discovered  by  Mr.  A.  E.  Outerbridge, 
of  Philadelphia,  Pa.  He  described  this  in  a  letter  to  me  in  the  last  part  of  1894, 
and  he  published  a  description  in  Transactions  of  the  American  Institutt-  of  Min- 
ing Engineers,  vol.  xxvi.,  1896,  page  176.  He  explains  the  gain  in  strength  by 
the  "  mobility  of  molecules." 
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Test  bars  made  on  various  days  in  our  foundry  during  the 
last  year  were  tumbled  two  hours,  and  the  averages  are  given  in 
Series  43  of  Table  X.  Out  of  87  of  these  bars,  all  except  9  in- 
creased in  strength.  These  bars  may  have  become  wedged  so 
as  not  to  have  received  any  tumbling  action. 

Test  Bnrs  I  Inch  Square  Increase  in  Strength  until  they  have  been 
Tumbled  Tivo  or  Three  Hours,  hut  not  Materially  by  Longer 
Tumbling. 

(Series  18  to  21,  Table  YI.,  and  Series  33,  Table  VII.) 
I  have  arranged  most  of  the  series  so  that  the  weakest  No.  1 
bar  comes  first. 

I  have  just  received  a  series  of  records  of  original  and  tum- 
bled bars  mado  by  the  Committee  of  Science  and  Arts  of  the 
Franklin  Institute.  The  test  bars  were  2  inches  by  1  inch 
by  21  inches,  tested  flat.  I  discarded  the  records  of  defective 
bars  and  arranged  the  records  of  perfect  bars  in  the  order  of 
strength  of  the  original  bars,  and  then  divided  the  list  into  four 
equal  parts  and  took  the  average  of  each  set.  The  averages  are 
shown  in  Series  23  of  Table  VI.  The  records  of  the  individual 
test  bars  of  Series  23  will  be  published  in  a  report  by  the  Com- 
mittee of  Franklin  Institute.  After  arranging  the  first  column 
of  each  series  with  the  weakest  bars  first  and  the  strongest 
bars  last,  I  thought  that  the  differences  between  the  No.  1, 
or  original,  and  No.  2,  or  tumbled,  bars  showed  that  tumbling 
strengthened  the  weakest  bars  more  than  it  did  the  strongest 
bars  ;  but  when  I  plotted  the  differences  of  each  series,  I  found 
that  the  same  tendency  was  apparent  in  the  untumbled  bars.  The 
reason  for  this  seems  to  be  that  the  difference  in  strength  be- 
tween a  No.  1  and  a  No.  2  bar  cast  together  is  due  to  a  difference 
of  grain  (see  Series  24)  caused  by  some  local  condition,  and 
therefore  the  weakest  No.  1  bar  did  not  necessnrily  have  as 
weak  a  No.  2  bar,  or  the  strongest  No.  1  bar  the  strongest 
No.  2  bar.  My  first  impression  led  me  to  think  that  tumbling 
removed  the  cause  of  weakness.  The  difference  between  tum- 
bled and  untumbled  bars  which  is  most  apparent  is  that  the 
surfaces  of  the  former  have  been  rubbed  smooth  and  have  been 
peened  by  the  blows  received  from  other  castings.  It  appeared 
that — 
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The  Strength  Gained  hy  Tanihling  is  Due  to  Jfaking  the  Surface 
of  the  lest  Bar  Smooth  and  to  Condensing  the  Surface  hy 
Peening. 

This  was  proved  by  the  following  experiments. 


TABLE    Vil. 
Smoothed  and  Pounded. 


Sekies 

24. 

c 

SERIES  a 

6. 

Series  28. 

Series  31. 

Both  Polished.  ^I^^f  ■ 
296     353         57' 

Ori- 
mal. 
348 

Filed. 
385 

Differ- 
ence. 
37 

Orig-    Orig-    Differ- 
inal.      inal.      euce. 
363    384        21 

Orig-  Centre    Differ- 
inal.Pounded.ence. 
338    400        63 

300 

328 

28 

360 

370 

10 

365    378        13 

340    405        65 

300 

350 

50 

362 

391 

29 

365    383        17 

367    390        33 

377  398        31 

378  402   -     24 

310 

317 

7 

367 

370 

3 

380    380          0 

334 

328 

-  6 

375 

370 

-  5 

383    370     -13 

348 

370 

22 

375 

392 

17 

—        — 

360    399        39 

364 

285 

-79 

375 

897 

33 

371     379          8 

369 

315 

-54 

380 

345 

-85 

Series  32. 

370 

367 

-  3 

387 

382 

-   5 

Series  29. 

Tumbled  3  Hours. 

398 

300 

-98 

391 

390 

-  1 

Orig-  One  Spot  Differ- 

Oriu'-    Pro-     Differ- 





inal.  Pounded,  ence. 

inal.    tected.    ence. 

339 

331 

-  8 

373 

379 

7 

350     367         17 
353    370        17 

358    363          5 

345    349          4 
345    382        37 

347     340     -  7 

Series 

25. 

375    365     -10     ; 

348    360        13 

Orig- 
inal. 

Pol- 
ished. 

Differ- 
ence. 

359    366          7 

360     380        20 

356 

345 

-11 

349    362        13 

363 

400 

37 

Series  2 

-. 

Series  30. 

392 
393 
395 

390 
375 
338 

-   2 
-18 
-57 

Orig-  Centre 
ina).  Pounded 
300     380 

Difler- 

.  ence. 

80 

All 
Orig-  except  Differ- 
inal.  Centre    ence. 
Pounded. 

Series  33. 
Tumbled  3  Hours. 
Oris;-   Tum-     Differ- 
inal.    bled.      ence. 

398 

378 

-20 

358 

378 

20 

355    392        37 

357     391         34 

398 

390 

-  8 

360 

398 

38 

358    380        23 

369     390        21 

400 

385 

-15 

365 

380 

15 

374    381          7 

369    405        36 

405 

400 

-  5 

367 

342 

-35 

375     380          5 

370    400        30 

421 

395 

-26 

372 

396 

34 

375    385        10 

370    402        32 

392 

380 

-12 

354 

379 

25 

367    384        17 

1 

367     398        31 

The  Removal  of  the  Surface  Weakens  a  Test  Bar. 

The  surface  of  both  No.  1  and  2  bars  in  Series  24,  Table  VII., 
was  removed  by  polishing  to  make  the  surfaces  and  corners 
perfectly  true.  The  object  was  to  see  if  the  variation  in 
strength  between  No.  1  and  2  bars  in  any  pair  depended  upon 
irregularity  in  the  surface  or  in  the  crystals  near  the  surface, 
and  if  by  removing  them  the  bars  would  show  less  variation. 
The  result  shows  that  the  variation  in  Series  5,  Table  V.,  was 
due  to  variations  in  the  interior  structure  of  the  bars  as  well  as 
to  the  character  of  the  surface  ;  and  by  comparing  with  No.  1 
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bars  of  Series  25,  which  was  made  at  the  same  time,  it  is  seen 
that  the  removal  of  the  surface  has  materially  weakened  all  of 
the  bars.  To  collect  further  proof  of  this,  the  No.  1  bars  of 
Series  25  were  tested  as  they  came  from  the  sand,  and  the  No. 
2  bars  were  polished  simpl}^  enough  to  give  a  true  surface. 
No.  2  bars  are  so  much  weaker  than  No.  1  that  mucli  of  the  > 
surface  must  have  been  removed  in  the  effort  to  obtain  a  true 
surface. 

Smooihing  the  Surface  of  a  Test  Bar  loUhout  Removhg  the  Surface 
Strengthens  it. 

In  Series  26  the  surfaces  of  the  under  side  of  the  No.  2  test 
bars  were  smoothed  with  an  old  file  simply  to  remove  the  pro- 
jecting points,  the  surface  being  cut  as  little  as  possible.  The 
result  is  a  decided  gain  in  strength. 

TABLE   VIII. 
Different  Grades  op  Sand. 


Series  < 

35. 

Series  36. 

S 

ERIES   3 

7 

Fine  Brass 

Sand. 

Stove  Plate  Sand. 

Machinery  Sand. 

Orisinal 

.    Filed. 

Difference. 

Original 

Filed. 

Difference. 

Original. 

Filed. 

Difference. 

863 

378 

16 

367 

355 

-12 

332 

380 

48 

355 

378 

23 

375 

385 

10 

390 

4-25 

35 

373 

360 

-13 

■377 

3!)6 

19 

360 

385 

25 

375 

378 

3 

305 

390 

1 

379 

440 

61 

398 

400 

2 

400 

418 

18 

362 

385 

23 

420 

430 

10 

443 

451 

8 

400 

450 

50 

380 

387 

7 

393 

400 

7 

370 

411 

41 

Series  35,  36,  and  37  are  made  with  different  grades  of  ipoulding 
sand,  fresh  sand  witli  no  facing  or  sea  coal  being  used.  There 
■was  no  difference  discernible  between  the  surface  of  the  bars  of 
Series  35  and  36,  but  the  bars  made  in  th^  machinery  sand. 
Series  37,  were  very  rough.  I  have  proved  before  that  iron 
last  poured  from  a  ladle  will  make  stronger  test  bars  than  the 
iron  which  is  poured  first.  (See  Table  IX.)  To  prevent  this  fact 
having  any  influence  on  these  series,  the  flasks  were  located  so 
that  the  flask  containing  the  first  pair  of  l)ars  of  each  series 
was  poured  first  in  the  order  35,  36,  and  37 ;  then  the  three 
flasks  containing  the  second  pair,  and  so  on.  The  sixth  pair  of 
Series  37,  being  poured  the  last,  should  have  been  the  strongest 
if  there  had  been  no  local  influence  to  prevent  it.     The  under 
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surface  of  the  No.  2  bars  of  each  series  was  filed  smooth  with 
an  old  file.  There  was  a  decided  gain  in  the  strength  in  the 
No.  2  bars  of  each  series.  The  surface  of  the  bars  made  in 
machinery  sand  was  very  rough,  and  the  gain  from  smoothing 
was  therefore  much  greater.  A  close  inspection  of  these  records 
will  beof  great  interest.  The  average  of  the  No.  2  bars  shows 
a  gain  in  strength  of  about  11  pounds  in  each  series  due  to  the 
later  pouring.  No.  1  bars  of  the  stove  plate  series  are  13 
pounds  stronger  than  those  made  in  brass  sand,  and  no  doubt  the 
weakness  of  No.  1  bars  in  the  machinery  series  is  due  to  the 
projecting  irregularities  of  surface  caused  by  coarse  sand, 
because  a  removal  of  these  rough  projections  restores  the 
strength  in  No.  2  bars.  This  weakness  of  the  No.  1  bars  of  the 
machinery  series  and  the  increase  in  strength  in  nearly  all 
cases  of  the  No.  2  bars  of  all  three  series  proves  that  a  smooth 
surface  makes  a  stronger  test  bar,  provided  the  surface  is  not 
removed.  By  filing,  some  of  the  surface  is  necessarily  removed, 
while  by  the  pounding  in  a  tumbler  none  of  the  surface  is  removed. 
Sea  coal  in  machinery  sand  prevents  the  iron  penetrating  the 
recesses  between  the  coarse  grains  and  makes  a  smoother  casting, 
and  perhaps  the  last  iron  from  the  ladle,  being  colder  and  less 
fluid,  will  not  take  a  sharp  impression  of  the  mould,  and  thus  it 
may  have  a  more  even  surface. 

Smoothing  the  Sitrface  of  a  Test  Bar  by  Pounding  ivith  a  Hamme?^ 
Increases  its  Strength. 

In  this  case,  Series  27,  Table  VII.,  nothing  is  removed,  and 
the  projecting  roughness  is  driven  into  the  surface.  The  under 
surface,  for  4  inches  at  the  centre,  received  1,000  light  blows 
from  a  |^-pound  hammer.  The  rest  of  the  surface  was  not 
touched.     The  gain  is  equal  to  that  by  tumbling. 

Pounding  the  Surface  of  a  Test  Bar  Strengthens  it  hy  Condens- 
ing the  Grain. 

A  new  pattern  was  used  for  the  series  of  tests  28  to  33,  and 
for  those  made  afterwards.  To  insure  the  utmost  accuracy  the 
greatest  care  was  taken  to  have  all  corners  right  angles,  both 
dimensions  .500  inch,  and  all  surfaces  true.  It  happened  that 
with  Series  28,  in  which  both  Nos.  1  and  2  bars  were  tested  just 
as  they  came  from  the  sand,  the  amount  of  variation  in  strength 
was  no  less  than  before.     In  Series  28  the  average  strength  of 
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the  No.  2  bars  was  7  pounds  stronger  than  the  average  of  No. 
1.  As  each  series  from  '28  to  33  were  poured  from  the  same 
ladle,  it  may  be  taken  that  all  No.  2  bars  were  7  pounds  stronger 
than  No.  1  before  treatment ;  that  is,  7  pounds  should  be  sub- 
tracted from  each  before  comparison.  Or,  if  thought  best,  the 
variation  in  Series  28  may  be  considered  an  exception,  for  in 
other  series  made  afterwards  the  bars  were  nearly  alike.  This 
is  another  example  of  the  danger  of  noting  individual  or  small 
variations.  In  Series  29  each  of  the  No.  2  bars  received  1 ,000 
blows  in  one  spot  near  the  ends  from  a  t] -pound  hammer  to  as- 
certain the  influence  of  simple  impact.  Compared  with  Series 
28  there  is  no  gain.  The  No.  2  bars  of  Series  30  received  1,000 
blows  from  the  same  hammer,  distributed  over  the  whole  sur- 
face except  for  1^  inches  at  the  centre,  which  was  left  untouched. 
At  the  point  of  fracture,  therefore,  the  surface  of  No.  2  was  the 
same  as  that  of  No.  1.  The  No.  2  bars  were  stronger  than  No. 
1,  indicating  that  some  of  the  gain  in  tumbling  may  be  due  to 
peeuing  the  surface  of  the  bar.  Another  bar,  treated  in  exactly 
the  same  way,  stretched  two  and  one-quarter  thousandths  of  an 
inch  by  the  blows,  but  No.  1  broke  at  390,  and  No.  2  at  395. 
The  bars  of  Series  31  received  1,000  blows  from  the  same  i- 
pound  hammer  on  the  under  side  for  four  inches  at  the  centre, 
so  that  the  surface  at  the  point  of  fracture  was  both  smooth 
aud  peened.  The  gain  in  strength,  like  that  of  Series  27  and  31, 
was  equal  to  the  gain  by  tumbling  (Series  33). 

To  avoid  the  possibility  of  a  mistake,  I  adopted  another 
method  of  separating  the  influence  of  blows  on  the  surface  and 
smoothing  the  surface.  Each  of  the  No.  2  bars  of  Series  32  was 
covered  by  two  thicknesses  of  ductile  sheet  iron,  so  that  no 
direct  blows  could  reach  the  surface  of  the  bar,  and  the  surface 
could  not  be  rubbed.  These  protected  bars  were  tumbled  three 
hours  along  with  the  No.  2  unprotected  bars  of  Series  33,  and 
with  other  castings.  The  No.  2  bars  of  Seiies  32  and  33  must 
have  received  the  same  treatment.  Tlie  sand  on  the  under  sur- 
face of  the  No.  2  bars  of  Series  32  was  apparently  undisturbed, 
as  in  the  No.  1  bars.  If  there  was  a  gain  in  strength,  it  was 
probably  due  to  the  blows  on  the  surface  acting  through  the 
sheet -iron  covering. 

In  Table  X.,  Series  39  and  40,  several  test  bars  from  pig- 
irons  ware  tumbled  three  hours  while  protected  by  one  thickness 
of  sheet  iron.  The  surfaces  were  pounded  quite  smooth  and  all 
24 
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sand  was  worn  off,  and  the  influence  is  less  than  the  same  iron 
tumbled  without  cover.  The  regularly  tumbled  bars  of  Series  33 
show  the  same  decided  gain  in  strength  as  in  all  cases  of  milling. 
The  bars  which  received  from  0  to  100,000  blows,  Series  o  ta 
17,  Table  V.,  were  tested  before  it  had  occurred  to  me  that  the 
smoothtiess  of  the  surface  had  anything  to  do  with  strength. 
The  bars  receiving  10:),000  blows  were  worn  quite  smooth.  Not 
expecting  anything  of  this  kind,  I  had  placed  four  in  a  compart- 
ment of  the  apparatus  for  imparting  blows,  and  they  rubbed 
against  each  other,  and  when  taken  out  had  perfectly  smooth 
and  bright  surfaces,  which  were  no  doubt  peened  more  or  less. 
Noticing  this,  in  bars  receiving  a  greater  number  of  blows  I 
rubbed  the  surfaces  of  No.  1  bars  near  the  centre  quite  smooth 
with  an  old  file,  and  may  have  injured  the  surface  somewhat.  It 
was  this  experience  which  suggested  that  smoothness  might  in- 
fluence strength  of  castings.  It  was  after  this  that  the  exj)eri- 
ments  with  polished,  smoothed,  and  pounded  surfaces  were 
made.  If  I  had  not  noticed  the  smoothness  of  these  No.  2  bars 
and  had  tested  the  No.  1  bars  without  smoothing  the  surface, 
the  No.  2  bars  might  have  shown  a  greater  gain  in  strength, 
with  resulting  conclusions  very  different  from  those  finally 
arrived  at. 

ARE   TUMBLED   CASTINGS   ANNEALED? 

In  1894  I  published  the  following  record,  Series  38,  Table  IX. 
{Transactions  A.  S.  M.  E.,  vol.  xvi.,  p.  568).  This  record  shows, 
that  annealing  by  heat  causes  a  test  bar  to  become  longer.  If 
the  test  bar  before  annealing  is  weak  on  account  of  brittleness, 
it  grows  stronger ;  but  if,  as  in  this  case,  it  was  not  brittle,  an- 
nealing weakens  it.     Deflection  is  increased  35  per  cent. 

Total  carbon  remains  the  same  ;  most  of  the  combined  carbon 
is  changed  into  graphite.  All  other  elements  remain  substan- 
tially unchanged.  In  annealing  by  heat  the  test  bar  is  heated 
nearly  to  fusion,  and  is  thereby  lengthened  to  the  utmost  ex- 
tent and  held  there  long  enough  for  the  carbon  to  change  to 
graphite  and  for  the  crystals  to  rearrange  themselves.  When 
the  casting  cools,  it  does  not  regain  its  former  length,  but  is 
longer  than  before  annealing. 

Tumbling  reverses  this  process,  and,  by  pounding,  stretches 
the  sides  and  presses  apart  the  crystals  of  the  inner  portion  of 
the  test  bar,  and  increases  its  total  length.     It  has  just  been 
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TABLE  IX. 


6  g 

Description  of  Treat- 
ment. 

as'9'i 

o     i: 
Eel     an 

_  o 

Total 
Carbon. 

11 
|3 

Si 
P 

e 

8 

U 

O 

1 

o 

3 
Q. 
3 

i 

a 
1 

.155 
.090 

.0.59 

425 

400 

-25 

.275 
.350 

.025 

3.77 
3.77 

0 

3.32 

3.68 

.36 

.45 
.09 

-.36 

1.76 
1.78 

0 

.505 
.510 

.005 

1.025 
1.055 

.041 
.043 

.002 

.123 
.100 

-.023 

.081 
.060 

.001 

.079 
.083 

.004 

.568 

a 

Annealed  by  heat 

Difference 

.568 
0 

788 
791 

First  of  heat 

.163 
.121 

.042 

.123 
.131 

.008 

.143 
.136 

.007 

390 
400 

10 

440 
530 

90 

400 
500 

100 

412 
550 

148 

.22 
.22 

0 

.23 

.27 

.04 

.23 
.25 

.02 

2.9102.28 
2.950,2.47 

.040    .19 

.63 

.43 

-.15 

3.22 
3.14 

-.08 

3.52 
3.52 

0 

3.46 
3.45 

-.01 

3.79 
3.84 

.05 

.49 
.47 

b 

.030 

-.02 

780 

1st  bars  from  one  ladle. 
3d          •'        '•           ••    . 

782 

ft 

784 
787 

b 

1st  bars  from  one  ladle. 
4th        ••         ■•           "    . 

3.09 
3  12 

2.99 
a  no 

.10 
.10 

0 

No.  2  Bar  ('  Same  gate. . 

.03      .03 

3.20    3.05 
3.33    3.16 

.13      -11 

May  26 

May  :JG 

Orisrinal  not  tumbled. . . 
Tumbled  2  hours 

.119 
.118 

-.001 

.131 
.128 

.003 

365 
420 

55 

495 
547 

52 

448 
570 

112 

at  300 
.170 
.175 

.005 

.140 
.135 

-.005 

.1175 
.1200 

,0025 

.15 
.17 

.02 

.18 
.17 

-.01 

.74 
.76 

.02 

.18 

.17 

-.01 

3.99 

1.168 

.078 

.398 

May  27 
May  27 

c 

Original  not  tumbled.. . 
Tumbled  2  hours 

Difference 

Original  not  tumbled 

3.24 
3.35 

.11 

3:55 

3.58 

.03 
3.24 

3.06 
3.18 

.12 

2.81 

2.82 

.01 
3  Ofi 

3.97 
4.03 

.06 

2.05 

1 .257 

1.288 

.031 
.558 

.081 
.081 

0 

.074 

.411 
.398 

-.013 

.400 

May  27 
May  27 

i    same     original     bar 

3.27  13.10 
03   '.    -04 

1 

Determinations  by  a,  E.  E.  Klooz  ;  b,  Gary  &  Moore  ;  c.  Dickman  &  Mackenzie. 

proved  that  the  increase  of  strength  by  tumbling  is  partly- 
caused  by  a  removal  of  the  roughness  on  the  surface  of  the 
casting,  and  by  rubbing  off  all  notches  in  the  corners  of  the  test 
bars. 

I  called  tlie  attention  of  Messrs.  Dickman  &  Mackenzie,  chem- 
ists, 1224:  Rookery  Building,  Chicago,  to  tlie  statement  of  Mr. 
Outorbridgp,  that  chemical  analysis  of  tumbled  bars  did  not  show 
any  change  in  composition,  and  suggested  that  they  should  find  if 
this  statement  was  true,  and  that  to  do  so  would  require  the  most 
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careful  anal^'tical  work  that  could  be  done.  They  at  once  under- 
took the  work,  with  results  shown  in  Tables  IX.  to  XIV.  Re- 
garding the  determinations,  Mr.  Mackenzie  writes  :  "  I  am  frank 
to  say  that  in  all  cases  Avhere  total  carbon  shows  an  increase 
after  tuml)ling,  I  am  disposed  to  credit  the  same  to  the  personal 
error  of  chemical  analysis,  since  there  can  be  no  creation  of 
carbon  in  the  bar,  but  merely  a  rearrangement  of  molecular 
structure  which  should  not  affect  the  total,  but  may  affect 
merely  the  proportionate  amounts  of  the  two  carbons." 

CHEMICAL  COMPOSITION  AND  IMPACT. 

Aside  from  the  question  of  the  relation  of  strength  to  the 
chemical  composition,  which  is  referred  to  later,  the  large 
number  of  records  of  pig-irons  will  allow  a  comparison  of  the 
increased  strength  by  tumbling  test  bars  with  their  chemical 
composition.  The  white  and  mottled  samples  did  not  show 
any  flaw  in  the  fracture,  but  it  is  hardly  likely  that  any  treat- 
ment influenced  the  strength  of  any  of  these  bars.  The  tumbled 
(No.  2)  bars  of  these  two  irons  would  probably  have  broken 
at  the  same  load  if  they  had  not  been  treated.  Regarding  the 
Iroquois,  Hinkle,  Southern,  and  Bretting  bars,  there  were 
two  or  three  of  each  set  of  these  bars  left  from  the  tests  made 
in  1894  for  the  Committee  of  Tests  of  the  American  Society 
of  Mechanical  Engineers.  These  bars  were  all  tumbled  two 
hours,  and  the  averages  of  the  strength  are  shown  as  "  tumbled" 


TABLE 

X. 

Pig-Iron. 

Series  .39. 

Protected  bt 

Sheet  Iron. 

Series  41. 
Struck  5,000  Blows. 

Series  43. 

Foundry  Castings. 

Averages  for  One  Year. 

De  Bardeleben. 

OJ  q 

.O.S 

"3 
'So 

O 

t.  to 

o 

c 

a; 
5 

etc 

a;  = 

"3 

. 

1 
o 

S 

s 

o 
in" 

o 

a 
?> 

5 

Average 
Shrinkage 
per  Foot. 

£3 

8,-io 

1 

O 

11 

o 

a 

IH 

White 

-.00025 

420 
370 
.370 
378 
402 

440 
380 
378 
390 
.395 

20 
10 
8 
12 

170  to  160 

381 
.372 
367 
366 
400 

422 

397 
403 
393 
416 

41 

Mottle 

-.oons.-) 

-.00325 
-.004  IS 
-.00431 

38ti    ,35s'-28 

160  to  150 

9,e, 

No.  1  Foundry 

"    1  Soft 

"    1  Silvery 

-.ooioo 

-.001.38 
-.00100 

350    3,55.       5 
424    406  -18 
353    365     12 

1.50  to  140 
140  to  130 
Under  130 

36 

27 

""" 

2  F.Woodward 

2  soft  open.  |  Rock-  ( 

Sf 
-.00025 
-.000.50 
-  .00075 
-.00025 
-.0012^ 

RIES  40. 

3401  330 
372    380 
330    363 
22S    220 
400    390 

-10 
8 

35 
-  8 
-10 

Se 
—.00187 

RIES 

.355 

42. 
335 

-20 

Close  Silvery  De  Bar. 
OpL'n      " 

—.00100 
-.00088 

200 
406 

218 
390 

18 
—16 

The  analyses  of  Series  44  also  represent  the  composition  of  Series  39  and  41  ;  and  the  composi- 
tion of  Series  40,  42,  and  45  are  alike. 
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TABLE   XI. 


Series  44  (a).   De  Bardk- 

LKBES. 

Elongation 
per  Foot. 

Original. 
3  Hours 

o 
o 

B 

6 

11 

|3 

c  5 
•?•? 

1.34 

1.74 

.46 

.83 

.57 

.50 
.30 
.33 
.40 
.19 

S 

o 

B< 
O 

.a 

9 

a. 
9 

.42 

.06 
.04 
.06 
.06 

.017 
.017 
.027 
.107 
.055 

o 

a 

53 

White   

.00000  43:'.  417  - 
.0U()!)4  3ri  :!63- 
.OU•.2()Oo!)3  407 
.00200  382  436 
.00212  370  382 

-16 

-  8 

74 

54 

12 

89 

29 
43 
37 
27 

2.011     .67 
2.74,  1.00 
2.881  2.42 
2.94    2.11 
2.17    1.60 

.94 
1.36 
2.53 
3.05 
4.70 

1.006 
1.739 
1.965 
4.702 
5.801 

.70 
.76 
.60 
.60 
.59 

.661 
1.200 
1.060 

.830 

.884 

.29 

Mottle  

.31 

No.  1  Fouiidrv 

,23 

■•  •    1  Soft 

,27 

"  1  Silvery 

.27 

Series  45  (b). 
2  F   Woodward  .    ... 

.00262 

335  374 

.268 

2  soft  open  |  Rock-  j 
2    ■•     close)  wood,  j 
Close  Silvery  De  Bar. 
Open        ''           " 

.00162 
.00137 

362  391 
347  390 

.441 
3S4 

.00237  21S25.T 
.00350  375  402 

42'? 

316 

•I       1 

Analysis  by  (a)  Dr.  W.  B.  Phillips,  (b)  T.  S.  Beeson. 
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Series  4G. 
Dayton  Pig- 

.2  o  « 

C  i-t-l 

S3 

C 

"Si 

§3 

o 
u 

s 

5 

"5  ~ 
E-i  a 

o 

-d 

S  " 

O 
O 

osphor. 
ilphur. 

6 

a 
to 

Irox. 

i^n 

O 

''E^ 

O 

oo 

o^ 

m 

g     1      t» 

1 

=: 
g 

No.  2  Mill.... 

.00150 

412 

453 

41 

3.49 

2.81 

.68 

.877  1.555  .0390 

.284 

Mottle 

.00100 
.00050 

433 
357 

448 
380 

15 
23 

3.20 
3.10 

2.08 

2.78 

1.12 

.38 

.8821.792  .0420 
1.310  1.482  .0200 

.204 

No.  -U  Fdrv. 

.648 

Open  Briglit.. 

.00075 

397 

419 

22 

3.42 

2.94 

.48 

1.531  1.535  .0236 

.023 

..  . 

.00000 

378 

403 

25 

3.51 

3.11 

.40 

1.940  1.569  .0190 

.889 

No.  1  Mill . . . 

.00150 

376 

395 

19 

3.23 

2.77 

.40 

2.040  1.457  .0271 

.673 

No.  2  Fdrv .  . 

.00100 

382 

393 

12 

3.32 

2.90 

.42 

2.290  1  567  .0227 

.659 

Open  Silverv. 

.00250 

453 

451 

-  2 

3.26 

8.08 

.18 

4.157  1.299  .0186 

.511 

Close  Silvery . 

.00125 

888 

409 

21 

3.38 

3.20 

.18 

4. 349!  1.544    0180 

1           1 

.480 

Aniilyses  of  carbons  by  Dickman  &  Mackenzie,  other  elements  by  Harry  S.  Fleming. 


TABLE    XIII. 


Series  47.— Pio-Iron. 

"3 
To 

"u 

O 

oo-d 

11 

(5 

11 

s  a 

Is 

c    1 

o 

V. 

"S. 

1 

c 

3 

si 
"5 

6 
1 

Buffalo  No.  2,  plain 
BuflFalo  Xo.  2 

443 
362 

344 

41 « 

1 

56 

2.99 
3  00 

2.61 
2.60 
2.75 

3.37 

.38 
.34 

3.46 
3  64 

.33'  .020 
.32   .020 

1.50 
1   50 

Buffalo  No.  1 

886!  401 
296 j  373 

15    3.10 
77  13.98 

.35  3.99 
.713.74 

.84   .020:1.59 

Licking  No.  Bl.. . 

2  33  .205     .44 

Analysis  of  Buffalo  by  O.  O.  Landig;  of  Licking,  Harry  S.  Fleming. 
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TABLE   XIV, 


Mixtures  with 
Silicon  Irok. 

tl 

a 
O 

4) 

1 

s 

II 

^6 

.Eo 

5" 

a 
o 

o 
g. 
o 

s 

V 

s 
a 
U 

a 

Sehies  48. 
Iroquois  1 

.00100 
.00125 
.00200 
.00250 
.00175 
.00235 

.00300 
.00300 
.00225 
.00250 
.00300 
.00300 

.00150 
.00300 

.00300 

289 
339 
389 

437 
430 
471 

338 
395 
339 
439 
443 
456 

378 
427 

378 

337 

364 
403 
423 
448 
491 

374 

407 
351 
444 
504 
440 

394 
443 

424 

48 

3  «:> 

2.36 
3.20 
3.21 
3.10 
3.19 
3.01 

2.78 
3.17 
3.28 
2.91 
3  00 

1.46 
.54 
.45 

.48 
.16 
.38 

1.34 
.67 
.53 

.83 
1.09 

1.78 
3.13 
3.43 
3.74 

.91 

1.16 

93 

.211 
.273 
.270 
.284 
.333 
.300 

201 
.164 
.258 
.211 
.264 
.301 

.809 
.980 

.309 

.056 
.046 
.032 
.045 
.017 
.034 

.029 
.015 
.015 
.021 
.030 
.031 

.093 

.088 

.025 

.  35 

2 

3 

25  3  90 

14  3.69 

—5  3.55 

.31 

50 

4 

35 

5 

18  3.54 
20  3.38 

36  4.02 

.36 

6  

43 

Series  49. 
Hinkle  7 

47 

8 

13  3.84 

33  3.81 

5  3.20 

61  3.82 

37 

9 

.48 

10 

.39  3.84 
.32  2.56 

.27,3.77 

.36  2.70 
.10  3.29 

63 

"   11 

58 

"   13 

—  16  3.34  3.07 

5v» 

Series  50. 

Southern  14  

15 

16  3.15 
16  3.13 

3.89 
3.03 

2.70 

.59 
.50 

Series  51. 
Brettiiig  16 

46  3.56 

.86 

1.86 

.57 

Analysis  by  Dickmau  &  Mackenzie,  1224  Eookery  Building,  Chicago. 


in  the  table.  The  strength  shown  as  "  original  "  is  the  average 
of  nine  or  more  bars  tested  in  1894.  The  records  are  not 
therefore  of  bars  cast  in  pairs  from  one  gate.  In  the  Dayton 
series  the  six  bars  were  each  cast  from  its  own  gate,  and  in 
different  flasks,  but  bars  of  each  iron  were  all  out  of  one  cruci- 
ble. The  bars  had  been  in  my  testing  room  for  ten  years. 
Three  bars  of  each  iron  were  taken  as  original,  and  three  were 
tumbled  two  hours.  These  records  are  not  as  directly  comparable 
as  if  they  had  been  made  from  bars  cast  in  pairs.  If  bars  had 
been  cast  in  pairs,  there  would  probably  have  been  no  cases  where 
a  loss  of  strength  is  shown.  The  series  which  has  been  kept  ten 
years  show  that  tumbling  influences  old  castings  tbe  same  as  new. 
The  test  bars  for  Tables  XI.  and  XII.  were  cast  in  pairs  for 
this  paper,  and  the  records  of  bars  tumbled  three  hours,  Table 
XI.,  is  the  average  of  two  pairs  of  bars  in  each  case.  The  record 
of  protected  bars,  tumbled  three  hours,  Table  X.,  is  of  one  pair 
of  bars  of  each  kind  of  iron.  The  record  of  bars  receiving  5,000 
blows.  Table  X.,  is  the  average  of  two  pairs  of  bars  in  each  case. 
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The  records  of  Series  43,  Table  X.,  were  of  bars  made  during 
a  year  and  tumbled,  and  those  having  the  same  shrinkage 
were  grouped.  The  highest  shrinkage  indicates  least  silicon. 
Taken  as  a  whole,  these  records  indicate  that — 

Test  Bars  of  Gray  Iron  Containing  Least  Silicon  Gain  Most  hy 
the  Process  of  Tumhling. 

Such  iron  takes  a  closer  copy  of  the  mould,  while  iron  contain- 
ing more  silicon  does  not  burn  into  the  sand  as  much,  and  there- 
fore  makes  a  smoother  surface. 

lu  half-inch  bars  from  any  one  mixture,  up  to  3.50  per  cent,  of 
silicon,  each  increase  of  silicon  generally  adds  to  strength.  The 
surface  being  already  smoother,  the  proportionate  gain  in 
strength  by  smoothing  during  tumbling  is  not  as  great  as  with 
bars  containing  less  silicon,  which  have  a  rougher  surface  to 
begin  with.  The  bars  which  were  protected,  Table  X.,  were 
smoothed  somewhat,  but  not  anything  like  as  much  as  when 
unprotected.  The  test  bars  which  received  5,000  blows  on  the 
end  were  not  smoothed,  and  show  no  gain  in  strength. 

I  am  not  able  to  discover  any  relation  between  the  chemical 
composition  and  the  gain  in  strength  except  as  it  affects  the 
roughness  or  the  softness  of  the  surface.  Mr.  T.  S.  Beesou, 
chemist  at  Niles  Tool  Works,  Hamilton,  Ohio,  very  kindly 
volunteered  to  make  analyses  of  the  series  of  five  pig-irons. 
Series  45.  All  of  these  chemists  deserve  the  thanks  of  those 
interested  in  cast  iron,  for  the  immense  amount  of  work  that 
they  have  been  willing  to  do  in  the  interest  of  original  research. 
This  paper  would  lose  much  of  its  interest  if  it  lacked  their 
contribution. 

I  also  asked  Messrs.  Dickman  Sc  Mackenzie  to  ascertain — 

What  Chemical  Change  will  Account  for  the  Difference  iti  Strength 
hetioeen  Test  Bars  not  Tnw})[ecl  f 

Although  this  question  has  nothing  to  do  with  impact,  yet  it 
is  a  vilal  question  to  those  who  are  inquiring  whether  chemical 
or  mechanical  analysis  is  best  able  to  account  for  physical 
changes. 

The  mixture  from  which  the  test  bars  of  May  2r)th  and  27th, 
Table  TX.,  were  made,  was  an  all  pig  mixture  except  5  per  cent, 
of  stove-plate  scrap,  and  was  the  same  so  far  as  the  eye  could 
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tell,  and  hail  becu  running  for  eigliteen  days.  The  analyses 
of  both  were  made  as  carefully  as  was  possible,  and  show  no 
diiference  in  chemical  composition.  The  grain  of  the  bars  of 
May  I'Gth  was  open  and  coarse,  while  the  grain  of  the  bars  of 
May  27th  was  fine  and  close. 

As  this  question  is  of  great  interest,  especially  to  chemists^ 
and  as  it  is  a  rare  thing  to  have  records  of  as  many  irons  with 
complete  chemical  and  mechanical  analyses,  I  have  made  the 
collection  still  more  complete  by  reproducing  the  first  records 
in  Table  IX.  I  also  asked  Messrs.  Dickman  &  Mackenzie  tO' 
find  a  cause  for  the  strength  of  the  Dunn  test  bars.  Mr.  Wm. 
Dunn,  of  Oanastota,  N.  Y.,  sent  these  bars  to  me.  He  said  he 
used  2,000  pounds  of  a  pig-iron  having  analysis  :  G.  C.  3,30. 
C.  C.  0,19.  Si.  2,37.  P.  0,487.  S.  0,028.  Mn.  0,48;  also  1,300 
pounds  of  stove-plate  scrap.  He  did  not  send  an  analysis  of  this 
scrap,  but  I  have  the  following  analysis  of  Albany  stove  plate, 
made  nine  years  ago,  which  would  probably  fairly  represent 
his  scrap  :  G.O.  2,846.  C.C.  0,311.  Si.2,90.  P.1,027.  S.  0,054.  Mn. 
0,252.  He  also  uses  700  230unds  of  his  own  scrap,  which  would  be 
represented  by  the  Dunn  analysis  of  Table  IX.  We  can  roughly 
calculate  what  the  chemical  composition  of  his  castings  should 
be.  To  be  safe,  I  took  the  silicon  of  the  stove-plate  scrap  as 
2,75.  Messrs.  Dickman  &  Mackenzie  calculate  that  his  mixture 
should  contain  G.C.  3.15,  C.C.  0.279,  Si.  2.89,  P.  0.665,  S.  0.38, 
Mn.  0.421.  The  total  carbon  calculated  would  be  3.39,  and 
analysis  showed  3.55,  a  gain  of  0.121.  The  silicon  in  the  casting 
is  0.61,  or  25  per  cent,  less  than  it  should  be  by  this  calculation. 
The  P.  in  the  casting  was  24  per  cent,  less  than  it  should  be. 
Some  chemists  claim  that  the  elements  in  a  casting  can  be 
calculated  from  the  elements  put  in  the  cuj)ola.  By  this 
method  it  would  seem  that  Mr.  Dunn  liad  added  from  10  to  25 
per  cent,  of  steel  scrap  in  the  cupola.  The  appearance  of  the 
fracture  of  the  test  bar  suggested  this.  I  have  received  no 
reply  to  my  question  as  to  whether  steel  scrap  was  added. 
The  addition  of  steel  scrap  will,  in  almost  every  case,  increase 
the  strength  as  much  as  in  this  case,  while  pig-iron,  with  exactly 
the  same  analysis,  will  not  give  as  strong  castings.  In  other 
words,  the  increase  in  strength  is  not  due  to  the  chemical 
change,  but  apparently  to  a  mechanical  mixture  of  the  pure 
iron  with  the  cast  iron. 
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TESTS  OF  BARS  ONE  INCH  SQUARE. 

The  following  tests  by  Prof.  J.  B.  Johnson,  of  Washington 
University,  St.  Louis,  did  not  arrive  in  time  for  insertion  after 
Table  YI.  The  pair  of  bars  No.  1  was  made  early,  and  No.  2 
late,  the  same  day  ;  Nos.  3  and  4  the  next  day,  and  so  on. 


TABLE   XV. 

Restilts    of   Tksts    on   28   Cast   Ibon-Bars  Loaded   in    the   Centre   on 

Supports  13  Inches  Apakt. 


Bar  No. 


A 

1 

2 

t 

O 

,Q 

O 

H 

o 

a 

' 

4 

V 

A 

5 

6 

S 

o 

.o 

^ 

7 

8 

00 

8 

V 

A 

9 

t. 

10 

c 

eo 

-O 

<u 

11 

3 

a 

E-i 

12 

1 
1 

A 

13 

^     1. 

X:  = 

S2 

14 

^T 

V 

Treatment. 


Normal < 

Jarred ■ 

Normal ■ 

Jarred -[ 

Normal '. 

Jarred - 

Normal - 

Jarred - 

Normal ■ 

Jarred -] 

Normal * 

Jarred 

Normal ■ 

Jarred ■] 

Normal - 

Jarred • 

Normal - 

I 

Tumbled ■[ 

Normal 

Tumbled J 

Normal - 

Tumbled j 

Normal < 

Tumbled -[ 

Normal -] 

Tumbled •] 

Normal -' 

/ 

Tumbled * 

I 


Cross 
Section. 


/(-1. 027 
6=1.021 
//  =  1.030 
ft  =  1.024 
//  =  1.037 
/y=  1.(131 
/j=  1.0.37 
/;=1.0,=j0 
/(=.!. 014 
6=1.027 
//  =  1.006 
6=1.011 
A  =  1.035 
6  =  1.026 
A  =  1.018 
6  =  1.021 
;i  =  1.025 
6=1.029 

6  =  1.032 
//=^  1.037 
6  =  1.0.35 
//  =  1.0<)0 
6  =  1.030 
/<  =  1.022 
6=1.021 
A  =  1.023 
6  =  1.022 
/(  =  1.032 
6  =  1.040 
/(  =  1.023 
6  =  1.019 
A  =  1.027 
6=1.030 
A  =  1.027 
6  =  1.030 
/«  =  1.028 
6  =  1.027 
6  =  1.022 
6=1.020 
/(  =  1.027 
6  =  1.031 
A  =  1.024 
6  =  1.018 
A  =  1.029 
6=1.037 
/i  =  1.026 
6=1.031 
//  =  1.020 
6=1.007 
A  =  1.007 
6=1.011 
A  =  1.032 
6=1.029 
A  =  1.030 
6=1.023 


Break- 
ing 
Load. 

Final 
Defl. 

Modulus 

of 
Rupture. 

Modulus 

of 
Elasticity. 

Resilience 

in  lbs. 
per  cu.  in. 

J- 2,110 

0.11 

38,270 

10,700,000 

8.80 

'-  2,400 

0.14 

43,170 

9,550,000 

13.00 

(•  2,380 

0.153 

42,000 

7,750,000 

12.835 

[-  2,260 

0.154 

39,200 

7,250,000 

11.985 

|-  2,310 

0.136 

42,700 

10,100,000 

12.500 

\  23.44 

0.1.39 

44,680 

8,950,000 

11.08 

-2,244 

0.152 

39,920 

8,200,000 

12.40 

■  2,126 

0.141 

39,220 

9,700,000 

11.00 

-2,144 

0.162 

38,750 

7,300,000 

13.30 

■  2,156 

0.177 

38,850 

7,180,000 

15.40 

•2,352 

0.162 

41,360 

7,900,000 

14.60 

•  2,338 

0.162 

41,080 

7,500,000 

14.10 

1,942 

0.148 

35,560 

7,310,000 

11.40 

2,150 

0.160 

39,250 

7,850,000 

13.90 

2,294 

0.164 

40,387 

7,570,000 

14.50 

•  2,232 

0.164 

40,811 

7,860,000 

14.40 

•  2,360 

0.145 

42,356 

8,750,000 

13.00 

■  2,490 

0.152 

43,235 

8,470,000 

14.20 

2,400 

0.142 

43,120 

8,850,000 

10.50 

2,580 

0.158 

47,235 

8,900,000 

15.10 

2,138 

0.124 

38,355 

8,915,000 

9.88 

2,.355 

0.138 

42,690 

9,394,000 

12.80 

2,200 

0.128 

39,320 

8,900,000 

10.20 

-2,390 

0.153 

41,425 

7,750,000 

13.50 

-2,302 

0.137 

42,890 

9,200,000 

16.20 

2,094 

0.135 

39,815 

8,770,000 

11.40 

2.462 

0.187 

43.800 

7,300,000 

18.10 

2,400 

0.186 

43,9.50 

7,750,000 

18.40 
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Breaking  Load— Baus, 

1-lNCii  Square 

Breaking  Load— l-I 

NCH  Square  Section 

Supports,  12  Inches  Apart. 

OP  1-Inch  Bars 

13  Inches 

LONO. 

Original. 
2.282 

Treated. 

DifiEer- 
ence. 

Original. 

285 

Treated. 

Differ- 
ence. 

1 

2,585 

303 

32:5 

38 

2 

2.063 

^ 

2.434 

-129 

320 

& 

304 

-16 

3 

2,487 

3 

2,524 

37 

311 

316 

5 

4 

2.417 

2,289 

-128 

302 

286 

-16 

§ 

o 

2,437 

OS 

2,458 

21 

304 

05 

307 

3 

5 

2,309 

2,322 

13 

288 

O     -• 

290 

2 

6 

2,533 

2,517 

-16 

317 

315 

-2 

7 

2.091 

i& 

2,315 

224 

261 

00  o 

289 

28 

8 

2,470 

2,404 

-66 

308 

1-H^ 

300 

-8 

2,;551 

2,392 

41 

294 

299 

5 

9 

2,542 

2,682 

140 

318 

335 

17 

10 

2.585 

ns     . 

2,778 

193 

323 

re    . 

347 

24 

11 

2,302 

•^  ^ 
•^  a 

2,536 

234 

288 

-O   3 

317 

29 

12 

2,370 

2  2 

2,574 

204 

296 

t-iCO 

322 

26 

2,450 

2,643 

193 

306 

330 

24 

13 

2,479 

y  m 

2.255 

-224 

310 

y  b5 

282 

-28 

14 

2,651 

3S 

2,585 

-66 

331 

323 

-8 

2,565 

2,420 

-145 

320 

302 

-18 

Table  XV.  shows  the  records  of  bars  sent  to  Professor  John- 
son. In  Table  XVI.  the  loads  are  calculated  for  supports  12 
inches  apart,  and  the  loads  for  a  ^-inch  square  section  of  each 
bar  are  calculated,  to  allow  comparison  with  preceding  tables. 

The  strength  of  a  ^-inch  square  section  of  a  1-inch  square 
test  bar  is  not  nearly  as  strong  as  a  test  bar  cast  ^  inch  square 
from  the  same  iron,  because  the  slower  cooling  of  a  large  cast- 
ing increases  the  size  of  the  grains,  which  decreases  strength. 
(See  Transactions,  vol.  xvii.,  j)p.  685  and  717.)  Professor  Johnson 
says :  "  We  have  observed  the  effect  of  blows  endwise  on  the 
length  of  two  bars  1  inch  square  and  50  inches  long  (measured 
with  micrometer),  and  find  that  a  single  blow  shortens  the  speci- 
men very  slightly,  but  the  results  are  discordant." 

In  many  of  my  tests  a  number  of  blows  would  shorten  a  bar, 
a  like  number  might  make  any  change,  or  else  a  part  of  the 
previous  shortening  might  be  lost,  but  the  general  tendency  was 
a  shortening,  though  the  total  amount  in  any  case  was  very 
small. 
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FRACTURE  BY  SHOCK. 

This  paper  does  not  bear  upon  this  subject  at  all.  Resistance 
to  fracture  depends  upon  the  cohesion  and  interlocking  of 
grains  and  upon  the  brittleness  of  the  metal.  The  shock  here 
considered  does  not  change  the  form  of  the  test  bar,  and  was 
not  sufficient  to  produce  fracture.  This  paper  measures  the 
influence  of  simple  shock  by  tests  of  dead  load. 

If  a  load  be  gradually  applied  transversely  to  a  test  bar,  it 
will  deflect  the  centre  of  the  bar  a  certain  distance.  If  the 
same  load  is  suddenly  applied  to  the  same  bar,  it  will  deflect 
the  bar  twice  as  much,  and  if  it  is  not  fractured,  the  test  bar  will 
spring  back,  carrying  the  load  with  it,  and  after  ceasing  to 
vibrate  will  settle  with  the  load  at  the  point  which  it  would 
have  reached  with  the  load  gradually  applied.  Partially  viscous 
bodies,  if  not  too  hard,  will  not  break  by  a  force  slowly  applied, 
but  if  bent  suddenly  will  break.  Cast-iron  takes  set  at  each 
increase  of  dead  load.  How  far  each  grade  of  iron  will  resist  a 
load  suddenly  applied  must  be  determined  by  a  test  of  each 
iron.  This  subject  has  received  very  little  attention.  The 
general  principles  of  impact  are  treated  very  fully  in  *'  The 
Materials  of  Construction,"  by  Prof.  J.  B.  Johnson. 

DISCUSSION. 

Mr.  William  Kent. — It  seems  to  me  that  these  phenomena  of 
increasing  the  strength  of  cast  iron  by  peening  it  or  hammering  it, 
are  all  of  the  same  nature  as  the  phenomena  shown  in  increasing 
the  strength  of  nearly  all  metals  by  any  chauge  whatever  in  the 
position  of  the  molecules,  if  that  chauge  is  slight ;  that  is,  wire- 
drawing, cold  rolling,  cold  hammering,  bending,  twisting — all  these 
motions  will  increase  the  strength  and  the  hardness  and  decrease 
the  ductility  of  all  metals,  so  far  as  I  know ;  certainly  brass, 
copper,  steel,  iron.  They  are  thus  made  stiffer,  so  that  it  is  not 
unreasonable  to  suppose  that  the  same  phenomena  would  happen 
with  cast  iron,  provided  the  pulling  apart  of  the  molecules  is  not 
too  great.  If  you  hammer  a  piece  of  iron  it  a])pears  that  you 
will  increase  its  strength.  It"  you  hammer  it  too  long,  or  too  hard, 
you  will  break  it.  In  the  same  way  in  drawing  wire  :  if  you  draw 
it  just  enough,  you  will  improve  its  strength;  if  too  much,  you 
will  make  it  brittle. 

Mr.  Strickland  L.  Kneass. — This  paper  by  Mr.  Keep  certainly 
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shows  a  commendable  amount  of  industry,  but  it  is  doubtful  if  it 
can  be  regarded  as  a  final  contribution  to  tlie  literature  on  the 
*'  Behavior  of  Cast  Iron  Under  Impact."  Even  a  hasty  reading 
gives  the  impression  that  the  author  is  not  sure  of  his  ground, 
while  it  is  obvious  that  his  theorems  are  not  always  proved,  nor 
his  material  thoroughly  digested.  The  line  of  his  experiments 
would  seem  to  be  too  narrow  to  allow  the  validity  of  his  general 
conclusions,  while  others  are  based  on  measurements  of  rough 
castings,  from  which  a  deviation  of  from  ro.iyo^  to  T¥,oTro  i^^li 
would  entirely  upset  his  deductions.  Several  contradictions 
occur,  one  of  the  most  unfortunate  for  the  author's  theory  being 
on  page  354,  line  three,  where  he  states  that  of  eleven  test  bars  in 
Series  tn,  six  had  grown  shorter,  four  were  unchanged,  and  one  had 
grown  longer,  Avhile  on  page  358,  last  paragraph,  "  All  tumbled 
bars  reported  in  this  paper  were  measured^  and  gained  in  length. 
The  gains  of  a  number  of  bars  are  given  in  Table  III.,  Series  m, 
showing  the  gain  at  the  end  of  each  half  hour,  etc.,"  so  the  reader 
is  left  in  doubt  as  to  the  facts,  and  it  is  impossible  to  discuss  intel- 
ligently this  part  of  his  paper  or  the  appended  tables.  Another 
table  containing  some  very  interesting  statements,  if  true,  is  the 
last  part  of  IX.,  where  the  author  shows  that  the  effect  of  tum- 
bling is  to  increase  the  total  carhon,  in  one  case  as  much  as  0.13. 
This  statement  is  so  extraordinary  that  it  would  require  many 
more  experiments  than  given,  to  prove  that  the  total  quantity  of 
one  of  the  constituent  elements  of  cast  iron  could  be  changed  by 
mechanical  manipulation  ;  yet,  if  these  tables  are  incorrect,  no 
strength  is  added  to  the  confidence  in  the  accuracy  of  the  figures 
in  the  other  tables. 

Referring  to  the  more  important  part  of  the  paper,  the  follow- 
ing theorem  is  noted,  "  The  strength  gained  by  tumbling  is  due 
to  making  the  surface  of  the  test  bar  smooth,  and  to  condensing 
the  surface  by  peeniug." 

This  is  apparently  laid  down  as  a  general  law,  and  is  stated  as 
proved.  There  is  no  doubt  that  tumbling  increases  the  trans- 
verse strength ;  but  the  author's  conclusion  cannot  be  accepted 
entirely.  Table  VII.  indicates  a  gain  in  strength  in  all  the  series 
in  which  the  bars  were  pounded  ;  namely,  27,  29,  30,  and  3J.  If  a 
bar  be  of  the  same  cross-section,  and  homogeneous,  it  would 
necessarily  break  at  the  centre  under  these  transverse  tests,  and  if 
peening  produces  the  increase  in  strength,  it  would  have  to  be 
done  at  the  centre  to  obtain  any  gain.  But  here,  no  matter  where 
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the  bar  is  treated,  there  is  an  increase  in  transverse  strength. 
Further,  according  to  the  author's  theorem,  end  blows  would  not 
produce  this  effect.  His  own  Table  V.  proves  that  they  do  have 
some  influence,  although,  of  course,  not  as  great  as  tumbling. 
Taking  the  average  of  the  Series  9  to  17  inclusive,  where  the  bars 
were  treated  with  3,000  blows  and  over,  there  is  a  gain  of  seven 
pounds.  It  is  true  that  the  effect  of  side  blows  upon  soft  iron  bars 
is  to  peen  the  surface  and  to  increase  the  strength ;  but  it  is  the 
contention  of  the  writer  that  this  is  not  the  sole  cause,  and  that 
Mr.  Keep's  own  tests  show  the  fallacy  of  his  theorem.  In  a  paper 
read  before  the  American  Society  of  Mining  Engineers,  in  1896, 
Mr.  A.  E.  Outerbridge  gives  the  results  of  a  large  number  of  ex- 
periments with  cast-iron  bars,  one  inch  square,  subjected  to  side 
and  also  to  end  blows;  be  found  the  effect  was  the  same  in  both 
cases.  Subsequently  the  Franklin  Institute  made  a  special  exami- 
nation of  the  subject,  and  in  a  report,  which  corroborated  the  re- 
sults obtained  by  Mr.  Outerbridge  in  his  original  experiments, 
agi'eed  with  him  in  his  theory  as  to  the  probable  reason  for  the 
increase  in  strength  due  to  tumbling.  Through  the  courtesy  of 
Dr.  "Wahl,  Secretary  of  the  Franklin  Institute,  the  writer  was  given 
access  to  this  special  report,  and  is  permitted  to  state  that  the  aver- 
age gain  in  transverse  strength  of  ninety-two  bars  over  their  com- 
panion bars,  due  to  tumbling,  was  over  18  per  cent.  The  theory 
advanced  by  Mr.  Outerbridge  to  account  for  his  observations  was 
that  of  the  "  Mobility  of  the  Molecules  of  Cast  Iron  "  at  ordinary 
temperatures,  and  that  the  increase  of  strength  is  due  to  relief  of 
internal  strains,  due  to  vibration.  These  vibrations  may  be  pro- 
duced by  tumbling,  by  end  or  side  blows,  or  in  any  manner  de- 
sired. The  tests  made  by  Mr.  Keep  were  made  with  bars  of 
one-quarter  the  sectional  area,  although  of  the  same  length  as 
those  used  in  Mr.  Outerbridge's  tests,  and  it  is  possible  that  this, 
as  well  as  the  entirely  different  quality  of  irons  used,  would 
account  for  the  comparatively  small  effect  produced  by  end  blows 
in  Mr.  Keep's  apparatus.  The  former  iTsed  ordinar}'  foundry 
iron ;  Mr.  Keep  probably  stove-plate  iron,  containing  twice  as 
much  silicon.  It  seems,  therefore,  that  the  author's  experiments 
were  carried  on  in  too  narrow  lines  to  justify  his  generalized 
theorem  as  cited  above,  and  his  own  tests  seem  to  be  best  ac- 
counted for  by  the  more  scientific  theory. 

3/r.  Thos.  D.  West. — On  the  third  page  of  Mr.  Keep's  interest- 
ing paper  he  says:    "It  is  difficult   to  determine   whether  the 
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shortening  which  follows  an  end  blow  is  caused  by  general  re-ar- 
rangement of  crystals  or  by  an  upsetting  of  some  portion  of  the 
bar.     If  the  latter,  cast  iron  is  upset  by  a  very  slight  blow." 

Experienced  founders  know  that  cast  iron  can  be  readily  upset. 
Many  utilize  this  quality  to  disguise  cracks  in  castings.  This  is 
done  not  only  with  cast  iron,  but  with  steel  as  well.  Castings 
which  would  have  been  condemned  on  account  of  cracks,  could  the 
engineer  or  inspector  have  seen  them,  have  been  closed  up  so 
neatly,  by  means  of  peening,  that  the  man  doing  the  job  could 
not  readily  tell  where  the  crack  was  from  appearances.  It  is 
a  common  thing  in  founding  to  flatten  out  spots  or  portions  of  a 
gray  iron  castini^.  The  softer  the  iron,  the  more  readih'  such  is 
done.  The  blows  which  shorten  a  piece  of  iron  can,  by  tact  in 
peening,  also  lengthen  it.  Crooked  castings  are  often  straightened 
out  by  founders-  by  merely  peening  the  concave  surface.  The 
two  elements  just  cited  illustrate  the  principle  involved,  permit- 
ting Mr.  Keep  to  lengthen  or  shorten  thin  bodies  of  cast  iron. 

The  last  two  lines  on  page  354  say :  "  If  further  experiment 
shordd  show  that  the  casting  becomes  shorter  when  struck  with  a 
hammer,  it  will  in  part  explain  the  frequent  cracking  of  castings 
by  rapping  off  the  gates,  as  in  the  case  of  a  pulley  with  light 
arms.  If  a  blow  exerts  this  influence,  we  can  understand  the 
frequent  change  in  shape  of  many  castings."  The  writer's  views 
on  this  point  are  that  the  cause  of  the  cracking  of  pulley  castings, 
etc.,  is  not  of  any  change  in  length  created  by  reason  of  rappings, 
but  the  difference  of  proportions  in  castings  causing  unequal 
contraction  of  its  parts,  which,  when  jarred  by  a  blow,  causes  the 
part  stretched  or  held  in  union  by  strains  to  separate,  thus  giving 
us  our  cracked  castings.  This  is  a  quality  often  pioved  by 
changes  in  the  temperature  of  the  atmosphere,  causing  castings 
to  crack  of  their  own  accord  which  had  never  received  blows  of 
any  description. 

On  page  375  Mr.  Keep  says  :  "  In  half-inch  bars  from  any  one 
mixture,  up  to  3.50  per  cent,  of  silicon,  each  increase  of  silicon 
generally  adds  to  strength."  If  this  means  anything  at  all,  it  as- 
serts that  a  half-inch  square  bar  will  define  the  strength  of  any  or 
all  grades  of  iron  and  make  the  result  to  agree  with  the  actual  re- 
sults found  in  testing  strengths  by  tensile  strain,  hydraulic  pres- 
sures, etc.  The  writer  has  never  seen  a  series  of  tests  with  half- 
inch  bars,  ranging  through  the  different  grades  of  iron  (or  even 
in  one  grade  alone),  that  showed  a  uniform  increase  in  strength 


CAST    IROX    UNDER    IMPACT. 


383 


from  the  weakest  to  the  strongest  iron,  which  has  been  displayed 
by  bars  of  larger  size.  To  illustrate  this  quality  more  forcibly, 
the  following  table  is  presented. 

Transvekse  and  Tensile  Tests  of  Specialty  Mixtures. 


Specialty  of  Mixture. 

Transverse 
Strenjrth  IJ 
Round  Bars. 

Tensile 
Strength  IJ 
Round  Bars. 

Transverse 
Strength  J 
Square  Bars. 

Gun  Metal 

Pounds. 

3,686 

2,980 

2,657 

2,553 

1,931 

1,798 

1,406 

Pounds. 
37,100 
30,100 
28,676 
23,270 
21,120 
17.150 
7,125 

Pounds. 
398 

Chill  Roll 

Heavv  Macbinerv 

265 
395 

Car  Wheel 

277 

Light  Machinery 

454 

Stove  Plate '.      

160 

Sash  Weight 

167 

A  Study  of  this  table  shows  the  half-inch  bars  very  erratic,  and 
bearing  little  relation  to  the  uniformity  in  the  increase  of  strength 
exhibited  by  the  l|^-inch  round  bars.  The  transverse  tests  were 
obtained  from  bars  tested  12  inches  between  supports.  All  tests 
here  given  are  from  solid  bars,  and  are  taken  from  a  series  of  100 
tests,  which  the  writer  presented  in  a  paper  on  "Specialty  Mixtures," 
about  two  years  ago,  to  the  W.  F.  A.  The  test  bars  were  cast  by 
some  of  our  leading  foundries  and  tested  by  authorities  in  such  a 
manner  that  the  figures  presented  can  be  supported  as  reliable.  The 
transverse  and  tensile  strengths  of  the  1^-inch  round  bar  will  be 
found  a  most  excellent  guide  for  any  desiring  coefficients  for  figur- 
ing the  strength  of  cast  iron  in  its  various  grades  as  coming  from 
practical  founding.  The  table  also  exhibits  what  the  writer  claims 
is  the  most  practical  way  to  conduct  a  series  of  tests,  to  define  the 
fitness  of  any  size  of  form  of  a  test  bar  so  as  to  most  truly  tell  us  the 
strength  of  cast  iron.  The  reason  for  half-inch  square  bars  being  so 
erratic  in  recording  the  strength  of  cast  iron  is  due  to  the  fact 
that  such  small  bodies  of  iron,  when  cast  in  green  sand  moulds, 
have  the  state  of  the  carbon  and  the  physical  qualities  too  easily 
affected  or  changed  by  differences  in  the  "  temper  "  of  moulding 
sands  and  the  metal's  degree  of  fluidity  at  the  time  moulds  are 
poured.  We  have  but  to  refer  to  Mr.  Keep's  own  paper  to  prove 
that  light  bodies,  as  of  half-inch  square  bars,  are  radically  affected 
by  variations  in  the  "  temper"  (dampness)  of  sand  and  the  fluidity 
of  metal. 

On  page  367,  Table  VIII.,  is  shown  that  with  the  same  ladle  of 
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iron  there  are  differences  owinij  to  variations  due  to  the  fluidity 
of  metal  amounting  to  60,  86,  and  08  pounds  in  half-inch  bars  pos- 
sessing an  average  strength  of  381  pounds.  This  means  that  in 
the  pouring  of  two  different  heats  we  can  have  an  error,  in  re- 
■cording  strengths,  of  what  may  be  truly  the  same  mixture,  or 
grade  of  iron,  of  nearly  20  per  cent.  Carrying  this  up  to  one-inch 
square  bars,  should  they  be  as  erratic  as  half-inch  bars,  we  would 
have  the  same  mixture  or  grade  of  an  iron  to  be  about  2,500  one 
day  and  3,000  the  next,  presenting  an  error  of  500  pounds  from 
what  is  the  actual  condition.  The  writer  knows  from  research 
that  such  a  difference  does  not  exist  with  round  bars  one  inch 
square  in  area,  or  over,  and  could  point  to  experiments  which  he 
has  made  with  variations  in  fluidity  of  metal  to  prove  that  test 
bars,  as  large  as  one  inch  square  in  area,  when  cast  in  the  round 
form  especially,  show  very  little  difference.  In  the  square  form, 
on  account  of  their  having  corners  to  chill,  a  difference  of  5  per 
cent,  may  in  some  cases  be  found.  At  the  ninth  line  from  the 
bottom,  page  367.  Mr.  Keep  says  :  "  I  have  proved  before  that  iron 
last  poured  from  a  ladle  will  make  stronger  test  bars  than  the 
iron  poured  first."  The  writer  has  found  the  reverse  results  as 
well  as  that  not-ed  by  Mr.  Keep,  but  would  say  it  is  dependent 
upon  the  grade  of  iron  we  are  using,  and  the  size  of  the  test  speci- 
men in  causing  the  iron  to  vary  in  the  carbon  to  be  graphitic  or 
combined,  that  controls  the  quality  of  test  bars  being  stronger  or 
Tveaker  with  the  last  pour  from  a  ladle. 

Any  one  who  is  familiar  with  founding  knows  that,  as  a  rule,  in 
the  same  shop,  no  two  days  will  find  the  fluidity  of  the  metal  exactly 
the  same,  saying  nothing  about  the  great  difference  that  must  exist 
between  different  shops,  and  which  can  be  such  as  to  cause  a  wider 
difference  in  the  strength  of  test  bars  in  the  same  mixture  than  Mr. 
Keep's  figures  show.  Any  giving  this  subject  study  can  readily  see 
the  wisdom  of  using  test  bars  that  are  the  least  apt  to  be  affected 
by  changes  in  the  fluidity  of  metal,  whether  for  one's  own  shop's 
record  or  for  comparison  with  others.  The  evils  of  irregularity 
in  the  fluidity  of  metal,  it  is  to  be  remembered,  are  not  all  that  is 
detrimental  to  small  test  bars  in  the  matter  of  con-ectly  recording 
the  strength  of  iron.  When  we  consider  that  slight  variations  in 
the  nature  and  "  temper  "  of  moulding  sand  are  also  as  bad  in  their 
influence  to  cause  small  test  bars, to  be  erratic,  both  combined  are 
certainly  qualities  not  to  be  ignored  by  any  one  desirous  of  adopt- 
ing what  is  best  to  most  truly  record  the  strength  of  cast  iron. 
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The  writer  wishes  it  understood  that  he  is  not  questioning  Mr. 
Keep's  tests  on  shortening  or  lengthening  bodies  of  iron,  or  those 
embodying  increased  strength  by  tumbling  (a  discovery  first  made 
by  Mr.  Outerbridge),  where  test  bars  are  used  in  pairs,  for  com- 
parative purposes.  Mr.  Keep's  test  in  this  line  with  half-inch 
bars  is  a  wholly  difi'erent  affair  from  that  which  he  would  have 
the  tenth  and  eleventii  line  on  page  375  cover,  and  which  implies 
that  a  half-inch  bar  Avill  correctly  test  the  strengtli  of  cast  iron 
for  the  general  purpose  test  bars  are  used  for.  There  are  several 
other  points  which  the  writer  would  like  to  discuss,  but  will  have 
to  forego  at  present,  as  he  fears  that  what  he  has  written  has 
overstepped  the  time  allotted  for  discussion. 

Mr.  Keep.'-'' — In  describing  his  discovery  that  tumbling  castings 
cause  an  increase  of  strength,  Mr.  Outerbridge,  in  his  paper, 
already  referred  to, 'states  that  rectangular  test  bars  are  weakened 
by  the  strains  caused  by  the  difference  in  cooling  of  the  metal 
near  the  surface  and  of  that  nearer  the  centre,  and  that  the 
grains  at  the  surface  are  in  an  overcrowded  condition.  lie  seems 
to  think  that  any  kind  of  shock  allows  these  crowded  grains  to 
assume  a  less  crowded  arrangement. 

Wlien  melted  iron  fills  a  mould  the  portion  next  the  surface  be- 
comes solid  within  a  few  seconds,  while  the  central  portion  is  still 
fluid.  The  crystals  form  with  perfect  freedom  and  regularity  over 
the  whole  surface,  because  there  is  no  compression  in  any  direction. 

As  they  cool  each  crystal  becomes  slightly  smaller,  causing  the 
whole  casting  to  be  smaller.  This  shrinkage  can  cause  no 
crowding  among  the  grains  at  the  surface,  but  rather  a  pulling 
apart  from  each  other.  When  the  surface  has  become  rigid  the 
central  melted  portion  crystallizes  more  slowly  and  forms  larger 
grains,  but  as  each  grain  cools  it  grows  smaller  and  tends  to  pull 
from  those  next  to  it.  Sometimes  there  are  not  enough  crystals 
to  fill  the  space,  and  a  spongy  spot  results.  There  is  never  any 
crowding.  On  account  of  each  crystal  trying  to  pull  its  neighbor 
the  influence  of  a  shock  is  to  cause  all  crystals  to  drop  closer 
together,  and  cause  a  shortening  of  tlie  whole  casting. 

The  lengthening  of  a  test  bar  by  tumbling  is  caused  by  the 
pounding  on  the  sides,  which  crowds  the  crystals  together  and 
towards  the  centre  and  causes  a  general  flow  endwise.  The  test 
bar  decreases  in  thickness  and  increases  in  length. 


*  Author's  closure,  under  the  Rules. 
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It  may  seem  to  be  a  contradiction  when  I  stated  that  after 
tumbling  eleven  test  bars  half  an  hour,  six  bars  had  grown 
shorter,  four  were  unchanged,  and  one  had  grown  longer. 

Instead,  it  shows  that  the  shocks  imparted  during  the  first  part 
of  the  half  hour  shortened  all  of  the  eleven  bars,  and  that  after- 
ward the  peening  of  the  surface  had  begun  to  lengthen  all  of  the 
bars.  At  the  end  of  the  half  hour  the  case  stood  as  stated :  six 
bars  were  shorter  than  when  placed  in  the  tumbler,  the  lengthen- 
ing not  having  yet  equalled  the  j)revious  shortening.  Four  of 
the  bars  had  been  lengthened  so  much  as  to  entirely  overcome  • 
the  shortening,  and  one  bar  had  not  only  been  peened  enough  to 
regain  its  original  length,  but  had  been  stretched  beyond  its 
original  length.  Continued  tumbling  afterwards  lengthened  all 
of  the  bars. 

The  pulling  apart  of  a  casting  having  reentrant  angles  or  varia- 
tion in  the  size  of  its  parts,  is  caused  by  the  same  pulling  of  the 
grains  together.  In  time  these  grains  generally  adjust  themselves 
without  causing  fracture.  In  castings  of  uniform  section,  like  a 
square  test  bar,  no  such  tendency  to  pull  apart  can  exist. 

Series  23  of  Table  VI.  gives  the  average  of  the  strength  of  bars 
tested  by  the  Committee  of  the  Franklin  Institute.  These  tests, 
like  all  in  this  paper,  prove  that  tumbling  strengthens  castings,  but 
the  committee  endorsed  Mr.  Outerbridge's  theory  of  the  crowded 
state  of  crystals,  and  of  the  mobility  of  molecules  as  a  cause  for 
the  gain  in  strength,  without  reporting  any  tests  of  bars  pounded 
on  end,  or  tests  to  ascertain  whether  the  smoothing  and  pounding 
the  surface  of  a  test  bar  in  the  tumbler  exerted  any  influence  on 
its  strength. 

It  seems  to  me  that  the  experiments  described  in  this  paper 
prove  : 

That  the  smoothing  and  hammering  of  the  surface  of  a  casting 
by  tumbling  is  the  cause  for  the  greater  part  of  the  gain  in  strength. 

That  shock  causes  a  shortening  of  a  casting  by  allowing  the 
grains  to  settle  closer  together. 

That  while  repeated  shocks,  like  blows  from  a  hand  hammer, 
may  very  slightly  increase  strength  by  this  release  of  strain 
between  crystals,  yet  the  gain  is  not  enough  to  make  shock  a 
practical  method  for  strengthening  castings ;  and  if  there  are 
reentrant  angles,  or  variation  in  size  of  parts,  a  very  slight  shock 
might  cause  fracture,  while  if  the  casting  were  allowed  to  rest  for 
a  time,  it  would  not  break. 
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DCCLXVII.* 

AN  ACCURATE  COST-KEEPING  SYSTEM, 

BY   H.    M.   NORRIS,    CINCINNATI,    O. 

(Junior  Membcf  of  the  Society.) 

Of  all  the  troublesome  aud  knotty  problems  connected  with 
economical  shop  management  there  are  few  quite  so  puzzling 
to  the  engineer  as  that  of  accurate  cost  keeping.  Hundreds 
of  systems  have  been  invented  and  put  into  practice,  some 
of  Avhich  possess  a  number  of  points  of  merit ;  but  the  ideal 
system,  such  as  is  sought  by  all  our  large  concerns,  remains  yet 
to  be  discovered.  One  manufacturer  figures  fifty  cents  per 
hour  on  all  classes  of  work,  irrespective  of  the  machine  or  class 
of  labor  employed  ;  another  charges  thirty-five  cents  per  hour 
for  boys'  time  aud  forty-five  cents  per  hour  for  men's  time  ; 
others  add  a  fixed  percentage  to  the  sum  of  the  cost  of  labor 
aud  material — the  percentage  in  ninety-nine  cases  out  of  a 
hundred  being  based  upon  the  amount  Smith  and  Jones  use, 
or,  what  is  almost  as  bad,  upon  the  expenses  of  some  one  pre- 
ceding year — all  of  which  is  bad  practice,  and  denotes  inefficient 
shop  management. 

A  cost-keeping  system  to  be  of  real  value  must  forever 
eliminate  all  guesswork,  and  be  so  designed  that  it  will  give 
accurate  results  under  all  conditions  of  business.  To  determine 
the  cost  of  any  article  of  manufacture,  it  is  necessary  to  know 
three  things:  the  actual  cost  of  labor,  the  actual  cost  of  ma- 
terial, and  the  actual  cost  of  running  expenses.  The  first  two 
items  are  easily  found,  but  how  to  get  the  third,  at  the  mini- 
mum cost,  is  the  problem,  and  one  not  easily  answered  ;  although 
the  writer  feels  that  the  system  about  to  be  described  is  a  step 
in  the  right  direction. 

Upon  the  receipt  of  an  order  at  the  main  office,  it  is  given 
a  number  and  entered  in  the  order  book  in  the  iisual  manner, 

*  Presented  at  the  New  York  meeting-  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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after  wliicli  duplicate  orders  are  issued  to  tlie  several  foremen. 
As  the  work  is  takou  in  baud,  the  workmen  in  each  department 
charge  their  time  upon  a  different  colored  time  card,  the  one 
for  use  in  the  machine  shop  being  printed  in  the  form  shown  in 
Fig.  85.  At  the  close  of  the  day  these  slips  are  collected  and 
handed  to  the  foreman,  who,  after  assuring  himself  that  the 
charges  are  correct,  turns  them  over  to  the  ojBfice,  where  the 
time  clerk  assorts  them  in  reference  to  the  workmen's  numbers 
and  enters  the  total  time  made  by  each  on  that  date  in  the  pay- 

FiG.  85. 


Symbol LA..1. No.  pes i Shop  No ^1^1.. 

Name I^'±..:^'ZL No ii^.. Date '^fzi?/:... 


Turning f... 

Planing 

Shaping 

Drilling 


Boring 

Chucking 

Cutting  off. 

Grind  and  Pol. 


Milling:. 


Scraping 

Assembling. 
Paintinof 


Commenced ^.. Finished ii Hrs i. Amt. 


roll  book,  after  which  he  fills  in  the  "  amounts  "  either  calculated 
by  the  slide-rule  or  taken  from  a  table  which  is  easily  to  be  com- 
2)uted  once  for  all.  The  tickets  are  then  assorted  with  regard  to 
shop  number  ;  and  the  total  number  of  hours  worked  that  day  in 
each  department — the  latter  being  denoted  by  the  color  of  the 
card — together  with  the  actual  cost  of  wages  paid  or  due  on  the 
same,  and  of  the  material  used,  as  figured  from  the  stock  slip. 
Fig.  86,  are  entered  in  the  daily  labor  and  stock  account  book, 
a  portion  of  a  page  of  which  is  shown  in  Fig.  87.  This  book  is 
ruled  for  the  several  days  of  the  week,  each  line  showing  the 
actual  cost  of  its  order  number  for  that  day,  and  is  footed  up  at 
the  close  of  the  week,  thus   making  it  an  easy  matter  to  get 
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at  tlie  total  cost  of  any  job,  at  all  times,  with  a  minimum 
amount  of  labor — the  hourly  burden  or  average  ratio  existing 
between  productive  labor  and  general  expense  being  known. 

The  term  "  general  expense  "  is  meant  to  include  every  out- 
lay of  whatever  nature  which  is  not  chargeable  to  some  specific 
order  number,  and  comprises  eighteen  distinct  charges,  as 
shown  in  Fig.  88. 


Fig. 


Stock  Slip. 


Date. 


8-24-'g7. 


ORDER. 

MATERIAL. 

© 

AMOUNT. 

1788 

24  lbs.  Machy.  Steel 

3% 

84 

<( 

Ij8  "    Cast  Iron 

2 

3 

16 

1789 

200   "       "       " 

u 

4 

00 

A  includes  all  labor  in  draughting-room  not  chargeable  to 
some  specific  order  number. 

B,  all  pattern  work  on  the  regular  line  of  standard  tools,  or 
other  work  not  chargeable  to  a  specific  order  number. 

C\  all  printed  matter,  office  fixtures,  stationery,  drawing-paper, 
and  other  supplies  used  in  either  office. 

Z>,  all  oils,  waste,  emery  cloth,  paint,  nails,  lumber,  or  other 
supplies  used  throughout  the  shop. 
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E,  all  productive  labor  upon  work  which  is  salable. 

F,  all  i)rocluctiTe  labor,  all  material,  and  all  bills  for  mer- 
chandise which  form  a  part  of  the  cost  of  such  new  tools  as 
files,  drills,  monkey  wrenches,  oil  cans,  reamers,  mandrels,  mill- 
ing cutters,  etc.,  which  may  be  classed  as  perishable. 

G,  all  productive  labor,  materials,  and  Ijills  pertaining  to 
new  non-perishable  tools,  such  as  machinery,  jigs,  and  fixtures. 

H,  all  productive  labor,  materials,  and  bills  chargeable  to  the 
maintenance  of  perishable  or  non-perishable  tools. 


Fig.  87. 

Daily  Labor  and  Stock  Account. 

Month  of  August,  1897. 


Dkawing- 

ROOM. 

Pattern 
Shop. 

FOUXDRT. 

MACHI.B    TOTA.. 

Stock. 

CD 

< 

°l  i« 

Hrg. 

Am't. 

Htb. 

Am't. 

Hrs. 

Am't. 

Hrs. 

1 
Am't.   Am't. 

i 

Am't. 

:V6 

|24 
!25 
26 
27 
28 

5 
10 
12 
10 
23 

$0  45 

1  60 
3  00 
1  20 
5  75 

$4  00 

1788  J 
26  33'^ 

1 

1  ■■■ 

Totals 

1 

60  |12  00  

50  $9  00 
60  10  8O' 

(JO   10  80; 

^4  00 

|5  50 

'23 

24 
1789  J  25 
26  34^  26 

!27 

10 

$3  50 

9 
9 

$3  60 
3  60 

$7  50 

40  '  7  20, 
42   7  56; 
60  j  11  94 

28 

1 

Totals . 

18 

$7  20 

.... 

$2  50 

....'  |7  50  812  $57  30 

|5  50 

U,  all  other  items  of  expense  not  included  in  the  letters 
from  I  to  Q,  such  as  wages  of  the  foreman,  time  clerk,  ste- 
nographer, and  laborers ;  the  erection  of  countershafts  and 
cranes,  the  moving  of  old  machinery,  the  building  of  founda- 
tions, and  the  setting  uj)  of  new  machinery. 

S,  all  labor  spent  in  replacing  work  which  is  condemned 
through  bad  workmanship  or  other  causes. 

With  the  exception  of  item  E,  which,  of  course,  forms  no  part 
of  the  general  expense,  all  labor  chargeable  to  any  of  the  above 
letters  is  described  upon  blue  cards,  printed  as  shown  in  Fig.  89, 
which  are  turned  into  the  office  daily  with  the  regular  slips,  and 
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tlie  cost  of  the  same  entered  iu  the  labor  and  stock,  account  book, 
opposite  their  respective  letters,  in  the  same  manner  as  the 
regular  cards  are  charged  to  their  respective  order  numbers. 

At  the  end  of  the  month  the  four  or  five,  as  the  case  may  be, 
of  total  weekly  charges  against  each  letter  are  added  together, 
and  the  sum  placed  opposite  the  corresponding  letters  on  the 
distribution  of  charges  blank,  Fig.  88 ;  analyzing  which,  we 
see  that  of  the  $4,680  paid  out  during  the  month,  only  $2,340 
went  into  work  for  which  there  is  any  compensation.     Further, 

Fig.  88.* 
Distribution  op  Citakoes  for  Month  of  August. 


A. 
B. 
C  , 
D. 
E 
F. 
G  . 
H, 
I  . 
J  . 
K, 
L  . 
M 
N. 
O. 
P  . 

Q 

R. 

S  . 


Drawing  Office. . . .    . . 

Pattern  Work 

Office  Supplies 

Shop  Supplies 

Labor 

Perisliable  Tools 

Non-Perishable  Tools. 
Maintenance  of  Tools. 

Advertising    

Light  and  Heat 

Travelling  Expenses. . 

Official  Salaries 

Rent  and  Power 

Taxes 

Insurance 

Interest 

Patents  and  Royalties. 

General  Expense 

Extras 


$40  00 

33  00 

25  00 

286  00 

,340  00 

175  00 

30  00 

25  00 

100  00 


SO  00 

700  00 

250  00 

6  00 

12  00 

75  00 

"hbb'oo 

4  00 

Total i   $4,680  00 


that  the  returns  from  this  work  must  be  sufficient  to  cover  the 
$2,340  paid  in  wages,  plus  the  sum  of  all  the  other  outlays, 
amounting  to  $2,340  more  =  E  +  100  per  cent,  of  E.  In  otlier 
words,  we  must  receive  $2  for  every  dollar  charged  to  pro- 
ductive labor  before  we  so  much  as  pay  bare  expenses.  The 
question  therefore  is  :  How  can  we  best  determine  the  cost  of 
the  individual  job  so  that  the  total  receipts  for  the  month's  work 
will  be  double  the  cost  of  productive  labor  ?  Figuring  on  the 
basis  of  E  plus  a  certain  per  cent,  of  E  will  not  do,  as  it  makes 
the  charge  for  boys'  time  absurdl}'-  low,  and  good  men's  time  far 


*  See  subsequent  arrangement,  Fig.  93,  designed  after.meeting,  and  descri'bed 
in  vol.  xxi.,  No.  8,  American  Machinist. 
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too  high.  Eeferring  to  our  books,  we  see  that  the  labor  charge 
of  $2,3-40  represents  11,700  hours'  Avork.  Dividing  this  time 
into  tlie  general  expense  item,  $2,345,  gives  twenty  cents  as  the 
cost  per  hour  of  running  expenses.  Multiplying  the  11,700 
hours  by  .20,  and  adding  the  actual  cost  of  labor,  $2,340,  gives 
$4,680,  or  the  same  result  obtained  by  increasing  the  $2,340  by 
100  per  cent.,  and  at  the  same  time  eliminates  the  objections 
advanced  against  the  latter  plan,  as  illustrated  in  the  following 
example,  in  Avhich  both  methods  are  compared  with  the  old 
"  so-much-per-hour  "  j^lan  ; 

3  hours  at  .10  =  $.30 

6       "      "    .15  =     .90 

9       "      "    .20  =  1.80 

13       "      "    .35  =  3.00 

30  hours  $0.00 

General  expense,     6.00 

Actual  cost,         $13.00 


3  X 

6  X 

9  X 

12  X 


Col.  1. 

.40  =  11.20 
.40=  3.40 
.40=  3.60 
.40=    4.80 


$12.00 


Col.  2. 

.30  +  100^^  =  ; 

.90  +  lOOf/  = 
1.80  +  100f?  = 
3.00  +  1005?  = 


i  .60 
1.80 
3.60 
6.00 

$13.00 


Col.  3. 

3  X  .20  +     .30  =  $  .90 

6  X  .20  +     .90=    3.10 

9  X  .30  +  1.80=    3.60 

12  X  .20  +  3.00=    5.40 

$12.00. 


Suppose  the  total  charge  against  a  certain  job  amounted  to 
$6,  consuming  thirty  hours'  time  as  above,  and  that  the  cost 
of  running  expenses  for  that  length  of  time  is  $6  more,  then  $12 
is  the  amount  which  we  must  receive  for  the  work,  exclusive  of 
all  profit.  Figuring,  first,  on  the  old  basis  of  a  fixed  charge 
per  hour.  Col.  1,  we  have  $12  -=-  30  =  40  cents  as  the  rate  per 
hour  at  which  each  item  must  be  charged  to  net  $12  on  the 
job  as  a  whole.  Figuring,  next,  on  the  basis  of  "  wages  plus  a 
certain  percentage  of  wages,"  CoL  2,  we  have  $6  -^  $6  =  100 
per  cent,  as  the  percentage  by  which  each  item  of  wages  must 
be  increased  to  meet  general  expense  and  net  the  $12  nec- 
essary to  cover  costs.  Figuring,  lastly,  on  "time  multiplied 
by  general  ex]3ense  per  hour  plus  wages,"  Col.  3,  we  have 
$6  -^  30  =  20  cents  as  the  amount  per  hour  which  must  be  added 
to  each  item  of  wages  to  make  the  $12.     Comparing  the  last 
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two  methods,  the  first  being  xiu-\vortliy  of  tliis  name,  we  note  that 
while  the  second  system  of  figuring  accomplishes  its  mission  so 
far  as  the  ultiiujtte  results  are  concerned,  it  is  manifestly  inferior 
to  the  third  plan,  in  which  expenses  are  made  on  every  hour  of 
labor,  irrespective  of  the  rate  per  hour  of  the  workman — the  loss 
incurred  on  chea])  lal)or  by  the  second  plan  not  having  to  be 
made  good  by.  overcharging  for  the  work  of  those  requiring 
greater  skill. 

Having   thus   assured    ourselves    of    the    practicability    and 
superiority  of  the  last-described  method  of  determining  costs 

Fig.  89. 


No. ^7.^. Charge ^ 

Name >^'^  ..^^^ Date ^ZI/Zl^/ : 


Time  was  put  in  on :^':^f^i'^....'^''''^f'::^^....J^':. ''^E 

style  2§"    Upright  Drill. 


Commenced Z Finished...M^..  Hrs....£^. Amt. 


from  hours  worked  and  wages  paid,  and  that  the  general 
expense  for  the  month  is  equivalent  to  a  fixed  charge  of  20 
cents  per  hour  of  productive  labor,  Ave  are  now  prepared  to  cal- 
culate the  cost  of  each  individual  job,  the  form  of  blank  for 
Avhieh  is  illustrated  in  Fig»  90.  The  first  column  is  filled  in 
directly  from  the  daily  labor  and  stock  account  book,  and  com- 
prises a  complete  list  of  all  the  orders  worked  on  during  the 
month.  The  column  headed  "  Balance  "  represents  the  total 
cost  of  each  order  up  to  and  including  the  last  da}'  of  the  pre- 
ceding month,  the  items  l>eing  copied  from  the  column  headed 
"Total"  on  that  report.  Turning  to  our  account  book,  we 
find  we  have  1,246  hours,  costing  $210.50,  together  with  $6.25 
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worth  of  stock,  charged  to  order  No.  1,785  last  month.  We 
enter  the  $210.50  under  "  Labor,"  the  i<G.2r)  under  "  Stock,"  and 
multiply  the  1,2-46  hours  by  .20  =  $249.20,  or  the  cost  of  runmng 
expenses  chargeable  to  tliis  order.  Adding  these  four  items  to- 
gether, we  have  $780  as  the  total  cost  of  order  No.  1,785  up  to 
the  beginning  of  the  present  month.  If  the  work  is  finished, 
this  amount  is  tlieu  carried  to  the  next  column, -and  the  number 
dropped  from  the  following  month's  report.  On  short  jobs  com- 
menced and  finished  in  the  same  month,  all  necessary  figuring 
may  be  done  in  a  few  moments  on  the  form  shown  in  Fig.  91,  in 
which  the  cost  of  each  department  is  shown  separately. 

Judging  by  the  length  of  the  description,  it  may  seem  to  some 
that  this  system  is  altogether  too  cumbersome  to  warrant  its 
adoption  in  a  large  number  of  shops ;  but  the  fact  of  the  matter  is, 


Fig.  90. 

Analysis  op  Cost  of  Production. 

Month  of  August,  1897. 


Ordeb 
No. 


1785 
1786 
1787 
1788 
1789 
1790 


Balance. 

Labor. 

$314  05 
117  50 
335  00 

$310  50 

126  25 

600  00  ! 

12  00 

67  00 

113  00 

Stock. 


General 
I   Account. 


$6  25 
10  10 
3>o  00 
4  00 
13  00 
30  00 


$249  20 

130  00 

625  00 

12  00 

68  00 
115  00 


Total. 

Finished. 

$780  00 

383  85 

1.775  00 

28  00 

$28  00 

148  00 

258  00 

258  00 

Behabks. 


that  the  daily  book-keeping  consumes  not  more  than  two  hours' 
time  per  hundred  men  employed,  and  the  extra  labor  at  the  end 
of  the  month  is  only  a  matter  of  a  day,  or  a  day  and  a  half,  at 
most,  of  one  clerk's  time. 

At  this  writing  the  system  has  been  in  actual  operation  only 
a  few  months,  but  its  advantages  over  all  other  systems  of  which 
the  writer  has  any  knowledge — and  he  has  studied  the  question 
pretty  thoroughly — has  been  so  clearly  demonstrated  within  that 
time  that  he  feels  no  hesitanfcy  in  giving  the  plan  his  unqualified 
recommendation,  barring  a  few  minor  changes  in  printed  matter, 
such  as  inserting  an  extra  line  between  each  weekly  division  in 
the  labor  and  stock  account  book,  Fig.  87,  for  the  carrying  over 
of  the  total  cost  of  the  work  to  that  week,  so  as  to  avoid  the 
necessity  of  having  to  add  up  the  weekly  totals  at  the  end  of  the 
month ;  adding  an  hour  column  iinder  "Labor  "  on  the  "Analy- 
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Sis  •'  Sheet,  Fig.  90,  and  one  under  "  Total,"  Fig.  87  ;  a  though  this 
last  is  hardly  necessary,  with  the  "Balance  '  line  hrst  mentioned. 
In  conclusion,  it  might  be  well  to  add,  m  anticipation  of  the 
possible  criticism,  that  the  system  only  furnishes  data  on  a  job 
as  a  whole,  and  not  on  the  cost  of  the  individual  piece ;  that 
after  the  time  is  trttnsferred  from  the  cards  to  the  account  book, 
as  described,  the  cards  are  filed  away  in  pigeon-holes  bearing 
the  same  number  as  the  order  ;  and  upon  comple  ion  of  the  same 
the  tickets  are  again  gone  over  and  assorted  with  regard  to  the 


Fig.  91. 
Cost  Statement, 


Shop  JVo. 


Fair 


Order  No. 


Week 
Ending. 


Drawing-room.  Patterns.  ,  Castings.  |     Stock. 

Hours.     I    Amount.       Amount.       Amount 


Drawing-Room  Time 
Machiiie-Sliop  Time  . 

Total  Time 

Hourly  Burden 


50 
_763 

.....  813 
.25 

4065 
1626 
General  Expense $213.25 


General  Expense |213  •  25 

Drawings i«'^^ 

Patterns ••••     ^^.^fi 

Castings ^l-i'^ 

Stock ~^-^" 

Labor   


120.68 


Cost $603.43 


operation;  i.e.,  all  turning  upon  piece  --^-^-^^0  T      vTth 

under  "Turning"  on  the  labor  sheet,  Fig.  92;  so,  also,  with 
each  of  the  other  classifications,  each  line  on  the  sheet  showing 
not  only  the  cost  of  a  certain  piece,  but  ihe  cost  per  operation. 

This  then,  is  the  "hour-wage"  method  of  determining  cost; 
and  while  it  falls  short  of  the  ideal  system  for  which  so  many 
have  labored,  its  free'adoption  would  go  a  long  way  toward  the 
salvation  of  those  manufacturers  who,  though  at  present  favored 
with  their  full  share  of  orders,  are  destined  sooner  or  later  to 
be  dropped  from  the  list  of  the  successful  through  their  lack  o± 
a  proper  appreciation  of  the  cost  of  production. 
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Fig.  93. 

DI9TBIBT.TI0N  O^  PLANT   CHAKGKS   KOK  MOKTH    OK    AUOUST. 

1.00  Per  Cent.  Ratio. 
Hourly  Burden,  .22^ 

Standard  Drawings 

'. '. .  .Standard  Patterns •.•••••, 

Standard  Machinery  and  Tools 

■  ■  ■  'special  Tools,  .liirs  and  Fixtures.. . 

"Line  Sliaftina:  and  Accessories 

.lOflBce  and  Sliop  Fixtures 

JBelting ■ 

Miscellaneous 


Total. 


Advertising 

Office  Supplies 

Travelling  Expenses 

Drayage,  FreigUt,  and  Expressage. 
^  iM  ' '. .     Roxing  and  ("rating. 
*^  N  Interest  and  Discounts. 

;9  O I  Bad  Debts  and  Extras. 


Total. 


p  Official  Salaries •  •  • 

Q  ■  ■      Rent,  Power.  Taxes,  and  Insurance. 

k"  '  . .  interest  and  Deterioration 

S.'. .... Ilnterest  on  New  Assets 


T. 

U., 

|v., 

i\V 
X. 

lY. 

Iz.. 


Patents  and  Royalties. 

Light  and  Heat 

Perisliable  Tools 

Shop  Supplies  ••• 

Drawing- Room  Supplies. 
Non-Productive  Labor.., 
Miscellaneous 


Total. 


Total  General  Expense 

Total  Productive  Labor  =  13,730  hours. 


100 


2,570 


3.020 


2,840 


DISCUSSION.  . 

Mr.  Fredenck  A.  HaUey.-l  .ish  to  take  f  f -«*  iT^.^IJ^^'^'g^ 
paper  on  one  point  especially.  In  the  table  ca^^ed  F^g-«  ^^J 
office  expenses  an.l  salaries  are  anclmlec  as  P"'  "^ J^^  ~ 
production.  My  contention  is  that  the  items  which  are  inc  m  ed 
fn  the  cost  of  production  include  only  those  incurred  inside  the 
tL  sW  doo  a-1  not  those  outside.  The  expenses  -™-^  ^'^ 
^e  tlJshop  door  are  1-pe.y  considered  as^cos  ^^dist.i  ution 
aud  not  of   production.     That  :s  to  say, 
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iiu'urrcd  in  the  office  represent  part  of  tlie  cost  of  goods  delivered 
to  the  customer,  thej  do  not  represent  part  of  the  cost  of  the 
goods  delivered  into  the  warehouse.  This  may  seem  at  first  like 
a  distinction  Avithout  a  difference  ;  Init  in  point  of  fact  tlie  dif- 
ference is  more  important  than  the  distinction  is  plain,  although, 
like  everything  else  connected  with  the  subject,  the  distinction 
is  one  whose  importance  depends  on  circumstances.  In  the  case 
of  a  factory  producing  goods  solely  on  order,  where  no  stock  is 
carried  on  hand,  except  what  is  actually  in  progress,  the  distinc- 
tion would  be  of  small  importance,  but  in  the  case  of  a  factory 
producing  goods  without  regard  to  individual  orders,  but  solely 
with  regard  to  the  state  of  the  market,  large  stocks  being  carried, 
it  becomes  of  very  decided  importance.  The  reason  is  this : 
When  the  annual  inventory  is  taken  for  use  in  the  balance  sheet, 
an  important  item  of  the  balance  sheet,  in  the  case  of  works 
which  carry  heavy  stock  of  goods,  is  of  course  the  value  of  those 
goods.  I  have  known  cases  where  the  value  of  the  goods  on 
hand  made  the  largest  single  asset  of  the  entire  business,  and  it 
became  important  to  know  what  those  goods  cost  and  not  to 
overvalue  them.  If  they  are  overvalued  it  simply  inflated  the 
business ;  and  that  is  the  direct  tendency  of  including  these 
office  and  sales  expenses  in  the  cost  of  production.  If  that  plan 
is  followed  it  will  simj^ly  value  the  goods  that  much  higher,  and 
make  the  value  of  the  business  appear  that  much  more  than  it 
really  is.  In  other  words,  it  inventories  the  expenses  and  makes 
them  show  as  an  asset,  a  condition  of  things  that  cannot  be  de- 
fended. I  know  this  is  a  common  plau,  but  it  is  as  wrong  in 
principle  as  it  is  common,  although,  of  course,  where  goods  are 
made  solely  on  order,  it  becomes  of  small  importance  practi- 
cally. 

There  are  generally  two  methods  of  determining  how  much 
money  has  been  made  at  the  end  of  the  year.  The  cost  of  the 
goods  can  be  determined  by  some  such  method  as  that  of  this 
paper,  and  from  the  cost  and  the  selling  price  the  profit  on  each 
sale  can  be  found,  the  sum  of  its  profits  on  all  the  sales  of  the 
year  giving  the  annual  profit.  On  the  other  hand,  the  annual  bal- 
ance sheet  may  be  consulted,  and  between  the  results  of  the 
two  methods  there  is  usually  a  great  gulf  fixed,  which  of  course  is 
due  to  the  inaccuracy  of  the  cost-keeping  systems.  The  reasons 
for  this  difference  are  diverse  and  obscure,  but  there  are  two 
sources  of  error  which  account  for  part  of  it,  and  which  do  not 
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receive  tlie  attention  they  deserve.  One  of  these  is  the  question 
of  heavy  tool  cost.  Tliis  question  oi  the  charges  for  the  u-e  of 
heavy  tools  is  about  the  most  difficult  one  connected  with  the  sub- 
ject, and  it  is  one  which  this  paper  does  not  evin  mention  as  ex- 
isting at  all.  In  fact,  the  plan  here  proffered  as  "  accurate,"  would 
place  the  same  charge  upon  the  labor  of  a  boy  running  a  fifty- 
dollar  centring  machine  that  it  would  on  the  labor  of  a  man 
running  a  twenty-foot  boring  mill,  the  grotesqueness  of  which 
procedure  will  not  be  enlarged  upon.  It  is  a  very  easy  matter  to 
take  the  cost  of  the  heavy  tools,  calculate  a  given  percentage 
for  interest,  and  wear  and  tear,  divide  the  amount  by  the  number 
of  hours  of  labor  in  the  year,  and  say  that  is  the  special  charge 
to  be  made  for  an  hour's  labor  on  that  tooh  The  trouble  is  that 
after  that  charge  has  been  made  it  is  not  earned,  because  tools 
of  that  character  are  idle  a  large  portion  of  the  time,  and  during 
another  large  portion  of  the  time  they  are  used  on  work  far 
within  their  capacity. 

A  small  planer  job  will  be  put  on  a  large  planer  because  the 
small  planers  are  all  busy,  but  you  cannot  make  a  heavy  tool 
charge  to-day  and  a  small  tool  charge  to-morrow  on  the  same 
job.  The  result  at  the  end  of  the  year  is,  that  the  total  interest 
and  depreciation  of  the  large  tools,  based  on  average  work,  are 
written  off,  but,  because  of  the  above  situation,  it  has  not  been 
earned.  This,  in  my  opinion,  is  one  of  the  reasons  why  tlie 
methods  of  calculating  profits  which  I  have  indicated  do  not 
agree. 

I  do  not  know  of  any  way  in  which  this  difficulty  can  be  met 
except  by  keeping  of  the  tool  time  as  well  as  tlie  labor  time.  In 
that  way  the  number  of  hours  which  a  tool  is  in  actual  use  can 
be  determined.  But  saying  it  can  he  done  in  this  way,  it  is  a 
very  different  thing  from  saying  that  it  should  be  so  done,  as  it 
would  involve  a  formidable  addition  to  the  system  of  keeping 
the  books,  and  whether  it  is  worth  doing  is  altogether  a  question. 
It  is  a  much  easier  matter  to  devise  a  system  which  will  accom- 
plish the  desired  results  than  it  is  to  decide  whether  the  results, 
when  obtained,  are  worth  their  cost. 

The  second  reason  for  the  discrepancy  between  its  result  of 
the  two  methods  of  calculating  profits  relates  to  the  disposition 
of  non-chargeable  labor.  This  pa})er  treats  this  correctly, 
although  not  as  neatly  as  it  might.  The  common  method  here 
is  to  divide  the  workmen  of  the  shop  into  producers  and  non- 
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producers,  .and  in  making  up  the  ratio  of  loading  to  have  the 
ratio  on  this  division.  In  point  of  fact  a  good  deal  of  the  time  of 
producers  will  actually  get  into  non-jjroductive  work  of  various 
kinds,  and  thus  vitiate  the  ratio  as  found  above.  My  own  ])lan 
is  to  do  what  this  paper  does — require  every  man  in  the  sliop 
to  make  out  a  time  ticket  at  the  end  of  the  day,  so  that  the 
tickets,  as  turned  in,  represent  the  total  amount  of  labor  done 
during  the  day.  This  is  all  done  on  a  single  ticket  form, 
because  the  division  is  a  matter  for  the  office  and  not  for  the 
shop.  At  the  end  of  the  day  these  tickets  are  collected  ;  every- 
thing that  can  be  assigned  to  different  jobs  is  so  assigned,  and 
the  remainder  is  put  into  the  scrap  heap  and  charged  against 
non-assignable  labor,  a  running  account  being  kept  with  this  non- 
assignable labor,  which,  however,  is  not  added  up  until  the  end 
of  the  month  or  year.  When  thus  totalled,  an  accurate  basis 
exists  for  calculating  the  ratio  so  far  as  it  relates  to  the  non- 
assignable labor,  and  any  one  doing  this  for  the  first  time  will 
be  simply  astonished  at  the  result. 

The  error  in  both  cases  is  greater  than  appears  at  first  sight. 
In  each  case  the  error  means  a  sum  taken  from  the  numerator 
and  added  to  the  denominator  of  the  ratio,  the  error  being  thus 
a  double  one. 

At  the  same  time  it  is  very  easy  to  exaggerate  the  importance 
of  these  things.  Every  manufacturer  makes  his  goods  as 
cheaply  as  he  can,  or  as  he  knows  how,  and  sells  them  for  all 
he  can  get,  and  the  question  of  niceties  in  cost-keeping  does  not 
have  much  to  do  with  either  the  income  or  the  outgo  of  the 
business.  While,  therefore,  these  things  are  interesting  and  of 
importance,  I  do  not  think  they  are  of  such  vast  importance  as 
a  good  many  people  think. 

]\[r.  W.  S.  Rogers. — Taking  this  paper  all  the  way  through,  I 
find  it  is  practically  about  the  same  as  I  have  in  use,  and  many 
of  the  members  say  the  same.  I  have  been  told  by  several  that 
it  treats  of  only  the  primary  step  in  cost  accounting.  While 
that  is  true,  we  must  bear  in  mind  the  fact  that  there  are 
numberless  factories  where  even  this  does  not  exist,  and  it  will 
start  them  up  the  hill  of  progress.  We  must  also  bear  in  mind 
that  there  are  shops,  and  sho]3s,  and  shop-superintendents  and 
suj)erintendents,  and  all  kinds  of  presidents,  managers,  and 
directors ;  different  ways  of  doing  things  in  different  parts  of 
the  world,  and  different  ideas  among  the  powers  that  be  as  to 
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wliat  constitutes  an  accurate  cost  account.  I  have  tried  several 
methods  of  cost-keeping,  invented  by  others,  and  have  had  the 
misfortune  to  invent  one  or  two  methods  myself  (to  my  sorrow), 
and  I  have  about  concluded  that  there  is  no  such  thing  as  "  an 
accurate  cost  method  "  that  can  be  used  indiscriminately.  I 
fully  agree  with  Mr.  Halsey  that  the  factory  should  be  cut  off 
and  completely  isolated  from  the  business  and  sales  department, 
with  the  superintendent's  salary  on  the  factory  expense  account. 
In  this  way  the  "  cost  of  production "  can  be  calculated  con- 
tinually in  an  almost  straight  line  tending  downward.  And  the 
business  department  can  follow  its  own  bent  without  hindrance, 
and  add  10  per  cent.,  or  100  per  cent.,  to  their  "costs,"  as  they 
deem  best.  In  our  factory,  if  materials  cost  $40  and  labor  $40, 
w^e  have  to  add  another  $40  to  the  total  to  arrive  at  the  correct 
cost  of  the  machine  ready  for  the  customer.  This  last  !t'40  is 
the  100  per  cent.,  and  is  caused  by  clumsy  methods  of  handling 
work  and  the  high-priced  directors  holding  positions,  who  put 
their  money  into  the  company  and  draw  salaries  for  work  they 
never  do.  But  it  is  done  the  country  over,  and  is  one  of  the 
penalties  which  companies  must  suffer  who  do  business  above 
their  capital. 

If  you  and  I  are  in  business  to-day,  and  want  $20,000  addi- 
tional capital,  we  go  to  some  wealthy  man,  and,  after  we  show 
him  gilt-edged  profits,  he  is  asked  to  make  the  investment,  and 
puts  in  the  $20,000,  with  the  understanding  that  we  give  his 
nephew — who  has  no  business  qualifications  whatever,  but  has 
spent  the  greater  part  of  his  life  attending  social  functions  and 
prize-fights — a  position  worth  $2,000  per  year.  "We  do  this,  and 
then  hire  a  clerk  to  do  the  work  of  our  $20,000  nephew  at  an 
extra  expense  of  $1,200  per  year,  and  this  sends  the  "fixed 
charges  "  up  skyward.  So,  to  be  honest  in  estimating  cost  of 
production,  I  think  every  one  will  agree  with  Mr,  Halsey  that 
the  dividing  line  begins  at  the  superintendent's  office,  and  the 
item  of  "factory  fixed  charges,"  with  all  its  subdivisions,  should 
be  established. 

In  regard  to  "  labor,"  I  think  Mr.  Norris  will  divide  and  re- 
divide  this  item  many  times  as  he  gets  into  cost-accounting 
more  extensively.  It  is  very  important  t )  the  progressive 
superintendent  that  he  not  only  knows  where  all  productive 
labor  is  employed,  but  also  where  the  non-productive  labor 
goes,  that  he  may  be  able  at  any  and  all  times  to  cut  off  all 
26  '  '        ■ 
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useless  expoiulitures  and  keep  down  his  costs.  I  have  found 
it  very  valuable  to  me  to  have  the  following  items  always  before 
me  : 

t'lean'm<^  factory  and  f(iuipinont fl")?  90 

Experinunital  work 9  G4 

Factory  su])('rvision 3,316  76 

Errands  lor  general  ofRce 34  82 

Foundry  carrier  work.    743  14 

Repairs,  shafting,  ])ulleys.  belts 321  42 

Repairs  to  machines  and  tools 4.")2  98 

Engine,  boiler,  and  electric  light 954  47 

New  jigs  and  fixtures  320  81 

With  proper  methods  of  book-keeping  it  costs  nothing  extra 
to  run  these  items,  and  their  occasional  study  will  save  the 
annoyance  of  having  the  general  office  advise  reduction  of  ex- 
penses, etc. 

Here  is  a  problem  which  is  found  in  different  figures,  in 
different  shops  in  various  jjarts  of  the  country,  when  the  yearly 
inventory  and  accounting  take  place  :  The  wages-paid  sheet 
shows  an  outlay  of  $40,000  ;  the  production  sheet  shows  a  re- 
turn of  only  $38,000 ;  and  the  searching  question  is,  Where  is 
the  deficiency  ?  Why  was  it  ?  After  weeks  of  research  and 
soing  over  records,  it  is  reduced  to  about  $200,  and  everv  one 
has  grown  tired  and  disgusted,  and  the  balance  is  crossed  off  to 
profit  and  loss.  No  one  ever  saw  a  $38,000  yearly  wage  sheet 
and  a  $40,000  yearly  production.  The  nearest  example  I  ever 
saw  was  in  a  foundry  w^here  the  cost  sheets  showed  a  daily 
melt  of  eighteen  tons  of  pig-iron  and  scrap  overbalanced  by  a 
daily  output  of  clean  castings  weighing  twenty-one  tons.  The 
ideal  cost-accounting  system  is  one  that  shows  daily  where 
every  penny's  worth  of  wages  has  been  expended,  and  can  be 
balanced  with  the  cost  of  productiom  every  night  after  the  bell 
rings.  Knowing  that  ideals  are  never  realized,  we  balance  our 
books  once  every  week,  and  every  item  of  time  charged,  with  the 
right  amount  of  fixed  labor  to  it  against  the  person  or  job  to 
which  it  honestly  belongs — should  it  be  for  sharpening  the 
skates  of  the  secretary's  boy,  repairing  the  harness  of  the  presi- 
dent's family  carriage,  or  sending  a  man  out  on  family  errands 
for  other  officials.  If  the  method  of  time  and  cost-keeping  is 
such  that  every  item  of  work  performed  in  the  factory  during 
the  week  can  be  located  and  charged  correctly,  so  that  the  two 


AN    ACCURATE    COST-KEEPIXG    SYSTEM.  403 

columns  of  wages  and  production  will  balance  exactly,  then  we 
are  getting  very  close  to  the  ideal. 

When  iiu  official  of  a  company  gets  favors  in  the  factory,  he 
should  be  treated,  not  as  one  of  the  company,  but  placed  on  the 
same  footing  as  Jones  or  Smith  across  the  street,  who  are  get- 
ting repair  work  in  the  factory.  I  do  not  believe  in  daily  time 
cards  "  r.pproved  "  by  foremen  and  sent  into  the  office.  Fore- 
men are  for  the  purpose  of  getting  materials  to  machines  and 
men,-  and  switching  the  work  to  avoid  delays  in  machine  opera- 
tion, and  not  for  performing  clerical  duties.  My  time  and  cost 
clerk  takes  the  previous  day's  record  of  time  and  distributes  it 
properly  in  about  one  hour,  and  sees  personally  about  one 
hundred  men.  He  also  gets  time  during  the  day  to  visit  about 
the  factory  in  every  department,  and  see  what  the  workmen  are 
doing ;  in  fact,  he  is  fully  as  cognizant  of  the  detailed  work  of 
tlie  men  at  all  hours  of  the  day  as  myself  or  the  foreman.  Con- 
sequently the  distribution  of  cost  of  production  cannot  err 
much. 

I  do  not  think  we  will  ever  find  an  accurate  cost  system  that 
will  fit  all  conditions  in  all  factories.  We  may  take  all  the  litera- 
ture on  cost-keeping  in  existence  and  find  it  will  fit  here  and 
there  about  the  earth,  but  not  all  points  of  the  compass ;  and  my 
method  is  to  have  no  special  hobby  of  my  own,  but  boil  it  all 
out,  and  do  as  we  were  advised  to  do  concerning  the  boiler- 
testing  code — take  what  we  want  to  accomplish  our  ends  and 
throw  the  rest  away. 

Air.  Oherlin  Smith. — I  notice  that  in  Fig.  88  of  this  interesting 
and  thoughtful  paper,  in  the  list  of  expenses,  two  very  impor- 
tant items  are  omitted  which  should  enter  as  factors  into  the 
general  account ;  one  is  interest  on  the  total  capital  at  a  fair 
rate,  and  the  other  is  had  dehts,  a  very  uncertain  quantity. 
Whether  the  miscellaneous  item  mentioned  is  large  enough  to 
cover  them  I  do  not  know.  Be  this  as  it  may,  does  not  tlie 
uncertainty  just  referred  to  render  futile  in  some  cases  the 
unusual  attention  which  is  paid  in  recent  years  to  minute  details 
of  cost-keeping?  Analyzing  these  things  mouth  by  month  is  all 
very  nice,  but  it  takes  a  good  deal  of  bookkeeping,  and  often 
one's  calculations  are  all  "  knocked  out,"  so  to  speak,  by  some 
unexpected  bad  debt,  or  by  some  bad  experimental  work  which 
hapi^ens  some  other  month.  My  own  experience  has  convinced 
me  that  it  is  better  to  work  by  the  year,  put  a  plenty  high 
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enough  expense  rate,  cand  be  sure  to  get  every  expense  item  in. 
Some  sucli,  not  mentioned  here  in  detail,  are  telephoning,  tele- 
graphing, expressage,  discounts  for  cash,  etc.;  ]jut  I  suppose 
they  have  been  included  under  general  expenses. 

It  seems  to  me  tlnit  the  best  way  to  get  an  expense  account  is 
to  take  all  expenses,  starting  with  interest  on  capital  at  five  or 
six  per  cent.,  following  with  bad  debts  all  commercial  and 
mechanical  expenses  such  as  are  mentioned  here — insurance, 
taxes,  depreciation,  travelling,  advertising,  office  expenses,  re- 
pairs, power,  heat,  light,  and  the  rest  of  it,  including  such 
amount  of  salary  and  wages  account  as  is  not  directly  produc- 
tive. In  some  cases  a  part  of  the  officers'  salaries,  especially 
in  the  engineering  department,  can  be  charged  directly  to 
certain  jobs — in  other  cases  not.  Everything,  however,  should 
be  charged  to  "  expense  "  that  is  non-productive.  All  hours' 
time  in  the  year,  charged  absolutely  to  producing  articles  to 
sell,  is  one  item,  xlll  other  hours,  whether  of  officers,  or  jani- 
tors, or  whomsoever,  come  into  expense.  If  this  total  expense, 
liberally  figured  out,  is  divided  by  the  total  number  of  produc- 
tive hours  in  the  year,  we  have  a  system  which,  at  the  end  of 
each  year,  gives  from  fifteen  to  thirty  cents  per  hour  as  the 
expense  rate — that  is,  for  the  average  machine  shop  employing 
from  fifty  to  five  hundred  people.  For  years  I  have  been  in 
the  liabit  of  using. a  twenty-five  cent  expense  rate,  and  every 
hour,  whether  made  by  a  five-cent-an-hour  boy  or  a  forty- cent- 
an-hour  man,  has  that  twenty-five  cents  added  to  it,  which 
amply  covers  all  expenses.  Thus  we  have  thj-ee  items  of  cost — 
material,  labor,  and  expense.  The  latter  is  based  on  the  last 
year's  experience,  but  in  the  course  of  years  it  does  not  vary 
a  great  deal.  I  have  often  found  it  twenty-one,  twenty-two, 
twentyrthree  cents,  etc.,  but  have  usually  put  it  at  twenty-five. 
As  a  shop  gets  bigger  and  more  systematized  it  often  can  be 
safely  put  at  twenty  cents. 

The  foregoing  remarks  apply  to  the  ordinary  shop,  which  is 
usually  semi-jobbing  aud  semi-manufacturing,  and  which  gener- 
ally finds  its  cost  of  production  and  distribution  somewhat 
mixed  up.  When  we  get  down  to  pure  manufacturing,  as  in 
making  small  staple  articles  of  machinery,  or  cotton  cloth,  or 
patent  medicines  at  a  cost  of  three  or  four  cents  a  bottle,  which 
sells  for  a  dollar,  one  can  systematize  far  more  thoroughly  than 
can  be  done  in  the  ordinary  machine  shop.     If  we  could  take 
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an  average  shop,  employing  a  hundred  or  two  men,  doing  some 
manufacturing  and  some  work  by  the  hour,  and  absolutely 
separate  the  commercial  and  the  manufacturing  elements,  it 
would  be  easy  to  keep  the  absolute  cost  of  manufacture  alone. 
The  machines  could  be  merely  made  and  set  aside  in  a  big 
room.  We  would  find  that  a  smaller  expense  rate  would  cover 
such  making— probably  about  ten  cents  per  hour.  There  would 
be  no  bad  debts,  advertising,  travelling,  or  commercial  work  of 
any  kind,  except  the  trifles  of  buying  material,  time-keeping, 

paying  off,  etc. 

I  conclude,  therefore,  that  (considering  the  variahle  commer- 
cial factors  involved)  it  does  not  pay,  as  a  usual  thing,  to  incur 
the  extra  outlay  for  making  up  a  new  expense  rate  monthly.  It 
does  pay,  however,  to  keep  current-cost  accounts  of  every  job, 
monthly,  or  even  weekly,  using  a  rate  which  has  proved,  year 
by  year,  to  be  a  safe  average.  There  are  doubtless  many  excep- 
tions to  this  proposition— notably  in  cases  of  starting  a  new 
business,  or  in  reorganizing  an  old  one  under  new  methods  of 
management.  In  these,  and  other  cases  involving  special  con- 
ditions, I  have  no  doubt  that  a  strict  monthly  or  quarterly 
analysis  of  cost,  in  the  line  of  Mr.  Norris's  carefully  worked-out 
methods,  would  often  prove  of  great  value. 

3Ir.  L.  S.  Bandolph— This  paper  interests  me  greatly.    I  have 
had  this  matter  to  thresh  over  two  or  three  times  in  my  life, 
and  in  wdiat  I  imagine  is  probably  as  difficult  a  position  to  get 
it  right  as  any— that  is,  in  the  repair  shop  of  a  railroad.     The 
question  of  uncharged  labor  bothered  me  at  first.     I  felt  that 
the  charge    should  include  everything  in  detail.     My  idea,  I 
remember  very  distinctly,  was  to  have  the  foreman  distribute 
his  time,  but  thatw^as  soon  given  up.     The  uncharged  labor  was 
obtained  in  this  way  :  At  the  end  of  the  month  we  took  the  total 
pay-roll,  subtracted  from  that  all  labor  which  we  could  charge 
directly,  and  distributed  the  balance  j)ro  rata  at  a  certain  per- 
centage, obtained  by  dividing  the  iincharged  by  the  charged 
labor.     I  found  that'  satisfactory.     It  made  the  labor  accounts 
balance  every  month.     We  did  the  same   thing  with   material. 
That  is,  the  freight  expenses  and  other  charges  were  made  pro 
rata.     A  certain   amount   of   material   is   received   during   the 
month,  the  bills  are  kept  until  the  end  of  the  month,  and  all 
interest,   freight   charges,   and  labor  in    handling    the  material 
are    charged  j)ro  rata,  making   a  price   at  which  each  item  is 
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cliarged  out.  The  difficulty  with  repairs  of  tools  and  new  tools 
was  considerable  ;  there  we  had  to  charge  it  per  annum.  At 
first  the  charge  for  these  was  made  every  month  ;  but  one  month 
we  got  in  quite  a  lot  of  new  tools,  and  charged  them  all  in  at 
once,  which  made  the  uncharged  expenses  on  material  and  labor 
amount  to  about  80  per  cent.  The  management  kicked  on  this, 
so  that  we  had  to  change  our  bookkeeping  and  charge  all  such 
items  upon  a  percentage  basis,  which  was  determined  annually. 
This  method  of  handling  the  uncharged  expenses  proved  uni- 
Tersally  satisfactory,  and  satisfied  me  that  the  extremely  accurate 
methods  of  cost-keej^ing  amount  to  nothing,  and  are  not  worth 
their  cost.  The  method  of  keeping  the  labor  charged  directly 
was  by  a  ticket  for  each  operation  on  each  piece  of  Job  or  shop 
order.  Now,  that  looks  a  little  cumbersome,  but  I  found  this : 
that  I  could  separate  those  tickets  and  I  could  get  the  cost  of 
the  operation — for  instance,  if  we  were  to  take  cross-heads  on  a 
certain  order  ;  there  might  be  a  dozen  cross-heads,  there  might 
be  one.  We  could  pile  all  the  tickets  on  that  order  in  one  lot, 
and  separate  them  so  as  to  get  the  cost  of  each  operation,  viz., 
drilling,  chipping,  planing,  straightening,  and  fitting  in  the 
guides.  There  was  the  whole  thing  in  detail.  It  gave  me  that, 
and  also  it  gave  a  check  on  the  men.  I  remember  very  dis- 
tinctly the  effect  of  a  little  increase  in  salary.  1  had  a  black- 
smith making  a  peculiarly  shaped  bolt ;  they  cost  us  $6.25  a 
hundred.  I  raised  his  wages  about  ten  cents  a  day  or  twenty 
cents  a  day,  and  I  watched  him  for  two  or  three  years  after- 
wards, and  he  never  got  above  three  dollars  and  a  half  per 
hundred,  and  we  saved  on  those  bolts  enough  in  a  year  to  pay 
his  increase  of  salary  twice  over.  As  regards  the  question  of 
heavy  tools,  I  have  tried  that  once  or  twice,  and  never  satisfac- 
torily. The  question  of  varying  tool  cost  I  have  never  been 
able  to  look  upon  as  of  much  moment.  I  do  not  see  its  value 
unless  you  have  very  heavy  and  very  light  tools  and  extremely 
sharp  competition.  Of  course,  as  Mr.  Smith  said,  if  we  are 
making  patent  medicine,  or  something  of  that  kind,  making  the 
same  thing  every  day,  then  one  can  figure  down  to  the  last 
notch,  but  where  you  are  doing  this  job  one  day  and  another 
job  another  day,  it  is  extremely  difficult  to  get  anything  more 
than  an  approximation,  and  I  do  not  think  it  is  worth  trying 
for. 

Mr.  II.  H.  Suplee. — Mr.   Randolph  has  brought  up  a  point 
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which  I  thiuk  is  of  value,  at  least  I  know  it  was  in  one  case,  and 
that  is  the  value  of  keeping  the  cost  of  the  different  branches 
of  the  work — the  planing,  chipping,  turning,  etc.  This  was  in  a 
case  where  machines  were  made  in  lots  of  six  or  eight  or  ten, 
and  each  lot  was  given  its  own  order  number,  and  its  costs  kept 
as  a  whole.  These  costs  were  carefully  scrutinized  in  com- 
parisons with  the  previous  ones,  to  see  if  there  was  any  differ- 
ence, and  it"  so,  where  that  difference  occurred.  If  the  difference 
was  in  the  planing  or  l)ench  work  it  would  be  discovered  and 
could  be  corrected.  If  the  next  lot  cost  less,  the  department 
in  which  the  economy  occurred  could  be  found.  So  it  was  a 
very  important  piece  of  education  in  the  shop,  apart  from  being 
a  mere  cost  account. 

Mr.  C.  W.  Hunt. — l^efore  the  discussion  closes  I  would  like 
to  ask  those  interested  in  this  subject  of  cost  accounts  to  read 
a  work  entitled  "  The  Commercial  Organization  of  Factories," 
a  voluminous  and  elaborate  work  by  J.  Slater  Lewis,  General 
Manager  for  P.  R.  Jackson  &  Co.,  Limited,  Manchester,  England. 
Blank  forms  necessary  for  the  practical  working  of  the  system 
are  given  for  all  the  o2:)erations. 

This  system  is  in  use  in  our  Staten  Island  factory,  and  we 
would  be  glad  to  show  the  general  and  detail  working  of  the 
system  to  those  who  care  to  see  it.  There  are  no  secrets,  and  I 
invite  all  to  visit  us  who  take  an  interest  in  the  subject. 

Our  factory  management  and  system  of  accounts  are  distinct 
from  our  commercial  organization,  with  independent  offices  and 
separate  bookkeepers,  whose  interests  are  opposite,  as  the  goods 
are  billed  from  the  manufactory  to  the  commercial  office  in  a 
similar  manner  to  the  billing  of  goods  from  the  commercial 
office  to  a  customer.  An  increase  in  the  factory  bills  means  a 
decrease  in  the  profits  of  the  commercial  organization,  and  a 
deduction  from  them  means  less  shop  profit ;  consequently, 
each  bookkeeper  is  constantly  on  the  alert  to  guard  his  own 
interests.  This  sj'stem  is  particularly  valualile  in  manufactur- 
ing accounts,  because  it  applies  the  double-entry  system  of 
bookkeeping,  by  which  the  correctness  of  the  entries  on  the 
books  and  the  blanks  is  checked  by  a  monthly  balance  sheet, 
so  that  if  an  article  is  taken  from  the  storehouse  into  the  factory 
and  incorrectly  credited,  or  a  mistake  made  in  the  figures,  it 
will  show  in  the  trial  balance  at  the  end  of  the  month,  when  the 
bookkeeper  will  institute  a  search  and  ascertain  where  the  error 
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occurred.  Once  an  entry  has  been  made  on  the  blanks,  it  can- 
not be  lost  sight  of,  and  nuist  be  disposed  of  in  the  proper 
manner  ;  otherwise  the  trial  balance  at  the  end  of  the  month 
will  not  be  correct.  These  trial  balances  of  the  various  accounts 
are  made  still  more  valuable  because  the  various  expenses  of 
the  works,  such  as  taxes,  insurance,  interest  on  the  buildings, 
repairs,  renewals,  plant  extension,  office,  and  other  charges  and 
expenses,  are  reported  monthly,  so  that  it  not  only  shows  the 
accuracy  of  the  eu  tries  by  the  clerical  force,  but  also  shows  the 
results  of  the  business  for  the  month  with  a  considerable  degree 
of  accuracy. 

It  will,  no  doubt,  appear  to  many,  as  it  did  to  us  uj)on  the 
first  examination,  that  this  system  requires  a  very  large  clerical 
force,  but  we  found  that  this  was  not  the  case,  as  proper  blanks 
are  furnished  for  all  the  operations,,  so  that  clerks  on  a  small 
salary  are  employed  to  make  the  proper  entries.  When  the 
works  are  not  large  one  man  fills  two  or  more  offices.  The  head 
bookkeeper  must  be  a  capable  and  efficient  man. 

Our  works  make  a  great  variety  of  articles,  many  of  them 
intermittently,  and  is  a  class  of  manufacture  in  which  it  is 
usually  considered  very  difficult  to  apply  an  accurate  cost  sys- 
tem. We  may  get  two  or  three  ordors  in  succession  for  an 
article,  and  then  six  months  may  pass  before  receiving  another 
order  for  the  same  article.  The  system  is  as  easily  applicable 
to  a  wide  range  of  manufacture  as  it  is  to  a  smaller  range  of 
duplicate  work. 

It  has  been  suggested  by  the  previous  speakers  that  it  is 
impossible  to  secure  accuracy  by  a  system  of  shop  accounts. 
Mr.  Brashear,  measuring  optical  work  to  millionths  of  an  inch, 
might  not  call  it  accurate,  but,  commercially  speaking,  it  is  not 
only  accurate  in  giving  the  cost  of  a  complete  machine,  but  also 
in  the  details  of  the  construction.  The  necessity  of  at  once 
obtaining  the  cost  of  both  the  whole  article  and  its  details  is 
far  greater  than  most  engineers  realize.  Business  in  these  days 
of  competition  is  likely  to  be  lost  if  the  estimate  of  the  cost  is 
too  high,  and  money  lost  or  no  adequate  profit  made  when  the 
estimated  jjrice  is  too  low.  Again,  the  general  tendency  of  all 
shop  costs  is  to  increase  and  the  system  to  degenerate,  unless 
an  accurate  and  efficient  system  is  adopted  and  closely  watched 
by  the  manager,  both  in  details  as  well  as  the  general  result. 

I  M'ill  not  here  attempt  to  give  an  outline  of  this  system,  as 
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it  should  be  studied  from  the  printed  work  before  mentioned, 
but  I  will  add  the  general  statement  that  the  manufacturing  and 
the  commercial  offices  are  entirely  distinct.  The*  goods  are 
received  by  a  "  storekeeper,"  who  recei^'es  them,  and  enters  all 
the  items  in  the  proper  columns  of  his  blanks  provided  for  this 
purpose.  When  articles  pass  out  of  his  hands,  he  enters  them 
to  the  proper  works  order,  on  a  stores  issues  book,  no  matter 
how  trivial  or  small  the  article  may  be.  A  piece  of  scrap  iron 
delivered  for  shop  use  is  charged  in  just  the  same  manner  and 
as  carefully  as  is  new  material.  The  storekeeper  does  not  have 
to  think  of  the  value  of  the  article,  or  what  it  is  to  be  used  for ; 
he  only  knows  that  he  has  tiie  proper  written  order  for  it,  and 
enters  the  delivery  on  his  records  in  the  proper  column. 

These  withdrawal  orders  are  always  in  writing,  signed  by 
authorized  parties,  with  the  exception  of  very  unusual  events, 
such  as  the  bursting  of  a  steam  pipe,  or  an  accident  requiring 
prompt  attention  ;  but  in  these  cases  the  storekeeper  makes  an 
entry  on  his  books,  and  at  night  he  goes  to  the  foreman,  under 
whose  direction  the  material  was  used,  and  secures  an  official 
order  for  the  same. 

3fr.  Rogers. — Mr.  Hunt  has,  in  my  opinion,  the  ideal  system 
of  keeping  account  of  stock  and  running  a  stockroom.  When- 
ever factory  managers  realize  that  the  stockroom  and  its  keeper 
should  bear  the  same  relations  to  the  men  in  the  factory  that 
the  proprietor  of  a  country  store  does  to  the  villagers  and 
farmers  about  him,  their  cost-accounting  sj^stem  becomes  a 
simple  thing,  easy  to  handle,  and  dou^n  comes  cost  of  produc- 
tion. We  have  been  doing  this  same  thing  for  the  past  two 
years,  and  the  whole  plant  is  treated  as  a  manufacturing  village 
doing  business  with  the  storeroom  ;  and  no  one,  from  the  presi- 
dent down  to  the  youngest  apprentice,  can  get  credit  there 
unless  his  request  locates  where  the  material  is  to  go,  and  he 
may  expect  to  have  bills  rendered  accordingly. 

This  system  of  Mr.  Norris  will  not  fit  the  ordinary  job 
repairing  machine  shop,  and  I  do  not  think  he  wishes  it  to  be 
understood  so,  but  is  intended  for  factory  use.  Mr.  Smith  has 
brought  forward  a  point,  which  Mr.  Norris  mentions  in  the  last 
five  lines  of  his  pajjer.  concerning  the  firms  who  "  will  be 
dropped  from  the  list  of  the  successful."  Mr.  Smith  is  right. 
There  are  many  who  don't  wish  to  know  what  it  costs  them  to 
manufacture,  and  it  is  better  that  they  should  not ;   and  some 
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WHY  or  anotlier  they  don't,  exactly  I'ail,  either.  I  know  of  one 
lUiinufacturor  right  here  in  New  Enghmd  who  has  been  in  busi- 
ness for  tlie-past  thirty  years  and  has  never  taken  an  inventory. 
One  day  I  asked  him,  4' What  did  that  machine  cost?"  He 
replied,  '•  I  don't  know."  I  asked,  "  Why  don't  you  know  ?  " 
He  answered,  "I  don't  want  to  know;  I  know  what  I  sell  it 
for  ;  that  is  enough."  "  How  do  you  know  when  you  are  making 
money  ? "  I  asked.  He  replied,  "  You  are  dumb ;  you  are 
foolish ;  you  never  had  a  bank  account."  (Laughter.)  "  I  will 
admit  all  that,  but  tell  me  your  method  that  I  may  get  one," 
I  replied.  Then  he  told  me  the  secret  of  success  :  "  I  go  to  the 
bank  at  the  end  of  the  year  and  find  I  have  $20,000.  All  right ; 
the  next  year  I  find  I  Imxe  only  $15,000.  Isn't  that  a  sure  sign 
I  am  losing  money  ?  Then  I  make  a  kick,  and  the  next  year  I 
have  $25,000 ;  and  there  is  no  occasion  that  year  to  kick.  Why 
should  I  bother  with  your  cost  ideas  ?  "  So  I  agree  with  Mr. 
Smith  that  all  these  things  are  not  needed — if  we  don't  want 
them. 

Jfr.  Norris." — In  prei^aring  this  paper  for  presentation  to  the 
Society,  it  was  my  aim  to  eliminate  all  detail  not  directly  per- 
tinent to  the  leading  features  of  the  system,  hoping  that  the 
discussion  would  centre  upon  the  salient  points  only,  and  not 
upon  the  minor  accessories  which,  of  necessity,  must  be  suited 
to  the  requirements  of  the  particular  establishment  in  which 
the  system  is  put  into  practice.  Judging  from  the  criticisms, 
liowever,  I  liave  either  carried  my  jDruning  too  far,  or  else  a 
number  of  the  opposing  members  have  read  the  paper  with 
little  care,  much  of  the  evidence  adduced  strengthening  rather 
than  weakening  the  defence. 

Replying,  first,  to  Mr.  Ptogers'  remarks,  I  am  not  surprised  at 
his  conclusion  that  there  is  no  such  thing  as  an  accurate  cost 
method  if  the  one  or  two  systems  which  he  has  invented  per- 
mitted of  a  deficiency  of  $2,000  between  the  production  and 
wages-paid  sheets — a  condition  of  affairs  impossible  to  occur 
in  my  system.  Every  cent  of  wages  which  is  not  chargeable  to 
a  specific  order  number  is  charged  to  some  one  of  the  various 
items  on  the  distribution  of  plant-charges  blank,  where  it  is 
fully  provided  for  by  the  hourly  burden  account.  All  woi^k  of 
this  nature  is  fully  described  upon  blue  cards,  as  explained  on 

*  Author's  closure,  under  tlie  Rules. 
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page  391  of  my  paper,  which,  I  think,  amply  meets  Mr.  Kogers' 
objections,  that :  "  It  is  very  important  to  the  progressive  super- 
intendent that  he  not  only  knows  where  all  productive  labor  is 
employed,  but  also  where  the  non-productive  labor  goes." 

Mr.  Kandolph  and  Mr.  Suplee  spoke  of  the  value  of  keeping 
the  cost  of  work  per  operation.     In  this,  as  well  as  many  other 
points    mentioned,  I  think  our  systems  are  substantially  the 
same,  except  that  by  my  method  non-productive  labor  is  entered 
up  each  day  in  the  same  manner  as  productive  labor,  instead  of 
waiting  until  the  end  of  the  month  and  determining  it  by  sub- 
tracting all  chargeable  labor  from  the  pay-roll,  which,  though 
it  causes  the  labor  accounts  to  balance,  can  hardly  be  consid- 
ered an  accurate  method.     It  is  the  temptation  of  every  work- 
man to  throw  as  much  time  on  general  expense  as  possible,  to 
circumvent  which  I  require  my  men  to  fill  out  one  or  the  other 
of  the  time  cards  shown  in  Figs.  85  and  89,  the  exact  mission, 
or  v^'hole  use,  of  which  I  have  apparently  failed  to  make  clear. 
After  all  the  slips  have  been  assorted  in  reference  to  the  work- 
man's numbers,  and  the  total  time  made  by  each  is  entered  in 
the  pay-roll  book,  the  blue  and  white  cards  are  separated  into 
different  piles.     The  white   ones  are  then  assorted  according 
to  their  shop  numbers,  and  the  total  number  of  hours  and  wages 
charged  to  each  is  entered  in  the  daily  labor  book,  after  which 
the   slips  are   pigeon-holed  according  to  these  numbers  until 
such  time  as  the  orders  are  completed,  when  they  are  assorted 
with  reference  to  the  operation,  and  the  hours  consumed  and 
cost  in  wages  of  each  are  entered  on  the  labor  sheet.  Fig.  92. 
The  white  cards  thus  tell  us  five  things  outside  of  their  use  in 
marking  up  the  pay-roll :  first,  that  the  time  should  be  charged 
to  an  order  number  ;  second,  what  that  order  number  is ;  third, 
upon  what  piece  of  that  order  number  the  work  was  performed ; 
fourth,  the  length  of  time  spent  upon  that  particular  piece  ;  and 
fifth,  the  nature  of  the  work  done,  whether  turning,  planing,  or 
scraping,  etc.     The  blue  cards,  on  the  other  hand,  tell  us,  by 
their  color,  that  the  time  should  be  charged  to  general  expense, 
which  item  may  be  subdivided  as  many  times  as  thought  de- 
sirable— even  to  having  one  for  sharpening  the  skates  of  the 
secretary's  boy,  if  Mr.  Eogers  so  desires— the  number  of  sub- 
divisions in  no  way  affecting  the  final  results  of  the  system, 
which  are  based   upon  the   general  expense    considered  as  a 
whole. 
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Comparing  my  method  with  that  of  Mr.  Smith's,  there  seems 
to  be  but  oue  real  point  of  difference  between  us— i.e.,  the  de- 
termination of  the  exact  hourly  burden  monthly  instead  of  an 
approximate  one  yearly.  To  approach  anything,  at  all,  like 
accurac}-,  a  careful  account  must  be  kept  of  material,  labor,  and 
general  expense.  The  first  two  of  these  must,  of  necessity,  be 
figured  day  by  day — why  not  go  one  step  further  and  figure 
the  third  ?  What  is  the  difference  between  adding  twenty-six 
figures  twelve  times  a  year,  and  twelve  times  twenty-six  figures 
once  a  year  ?  It  adds  nothing  to  the  cost  of  the  system,  but 
much  to  its  usefulness.  Of  what  value  would  a  barometer  be 
to  a  sea  captain  if  it  only  gave  the  average  conditions  of  the 
atmosphere  for  a  year  ?  How  could  he  prepare  for  a  storm  ? 
Conditions  are  ever  changing :  one  month  a  number  of  new 
machines  are  added  to  the  shop  equipment ;  another  month  the 
force  of  workmen  is  increased ;  at  another  time  new  svstems 
are  introduced  ;  later  a  part  of  the  works  is  destroyed  by  fire  ; 
dull  times  come,  and  the  men  are  laid  off.  Then  a  new  machine 
is  built,  ^nd  the  question  comes  :  What  has  it  cost  ?  Will  it  be 
safe  to  take  the  hourly  burden  at  the  old  rate  in  determining 
the  selling  price  ?  Or  must  we  let  "  the  other  fellow  "  fix  the 
price,  and  then  wait  until  the  end  of  the  year  to  see  how  we 
stand  ? 

There  can  be  no  doubt  but  that  a  yearly  determination  of 
the  hourly  burden  answers  every  purpose  in  Mr.  Smith's  case, 
otherwise  he  would  not  continue  to  follow  this  practice ;  but  in 
my  work  I  find  it  very  essential  to  determine  the  burden  by 
the  month,  for  the  triple  reason  that  I  have  no  old  records  to 
follow,  I  need  the  datum  at  once,  and  want  greater  accuracy 
than  is  possible  by  Mr.  Smith's  method.  It  is,  however,  mainly 
a  question  as  to  which  is  the  better  plan — to  look  at  the  com- 
pass every  month,  to  see  if  we  are  headed  in  the  right  direction, 
or  to  wait  for  twelve  months  until  we  arrive  somewhere  to  learn 
by  how  far  we  have  missed  our  destination  ? 

Mr.  Halsey  assails  the  paper  on  another  side,  contending  that 
the  items  included  in  the  cost  of  production  should  comprise 
only  those  incurred  within  the  shop  door,  all  others  being 
considered  as  cost  of  distribution.  He  says  that  "  while  the 
expenses  incurred  in  the  office  represent  part  of  the  cost  of 
goods  delivered  to  the  customer,  they  do  not  represent  part  of 
the  goods  delivered  into  the  warehouse." 


AN    ACCURATE    COST-KEEPING   SYSTEM.  418 

If  one  wishes  to  know  the  actual  cost  of  an  article,  in  order 
to  compare  its  present  cost  with  its  former  cost,  nothing  should 
be  included  in  "  the  cost  of  production "  except  hours,  wages, 
aud  material,  but  if  we  want  to  learn  the  ichole  cost  of  anything 
for  the  purpose  of  fixing  the  selling  price,  or  preparing  an  in- 
ventory, the  "  cost  "of  production"  should  include  a  part  of  the 
president's  salary,  as  well  as  that  of  the  superintendent  or  fore- 
man.    All  three  come  under  the  head  of  general  expense,  and  I 
fail  to  see  why  office  expense,  as  I  vse  it,  is  not  just  as  much  a 
part  of  the  cost  of  goods  delivered  into  the  warehouse  as  to  the 
customer.     If  the  hourly  burden  is  taken  at  a  fixed  rate,  as 
practised  by  Mr.  Smith,  there  is  no  question  but  that  an  inven- 
tory, based  upon  these  figures,  would  show  an  inflated  value, 
and  be  the  means  of  fixing  the  "great  gulf"  between  it  and  the 
annual  balance  sheet  alluded  to  by  Mr.  Halsey.     But  in  my 
method  there  can  be  no  gulf.     If  the  books  show  that  the  gen- 
eral expense  for  a  certain  month  is  $5,000— $5,000— no  more,  no 
less— is  distributed  amongst  all  the  orders  worked  on  during 
that  month,  and  it  matters  not,  so  far  as  cost  goes,  whether  the 
product  is  sold  immediately  or  lies  in  the  storehouse   for  a 

The  question  of  tool  cost  was  not  mentioned  in  this  paper 
for  the  reason  that  I  consider  it  foreign  to  the  subject.^  I  have 
thrashed  the  matter  over  more  than  once  to  my  satisfaction, 
and  feel  convinced  that  there  is  nothing  in  it  except  for  such 
shops  as  use  both  very  heavy  aud  very  light  machinery.  The 
difficulties  connected  with  acquiring  any  degree  of  accuracy  by 
the  use  of  this  method  are  stupendous,  aud  the  results,  when 
obtained,  afford  but  poor  compensation  for  the  additional  cost 
of  the  bookkeeping. 

Except  for  an  infinitesimal  amount  of  red  lead  and  a  httle 
waste,  a  scraper-hand  contributes  nothing  to  the  general  ex- 
pense account.  A  floor-hand,  however,  punishes,  or  entirely 
consumes,  a  large  number  of  small  tools  and  supplies.  So,  if 
it  comes  to  a  question  of  hair-splitting,  I  fail  to  see  where  Mr. 
Halsey  would  call  a  halt.  Tlie  ideal  system  should  give  three 
things,  cheaply,  quickly,  and  accurately— the  actual  cost  of  any 
one  piece,  the  total  cost  of  any  one  piece,  and  the  total  cost  of 
an  pieces— whether  wanted  by  the  day,  week,  month,  or  year. 
So  far  as  the  total  cost  of  any  one  piece  is  concerned,  we  know 
that   only  substantially  accurate  results   are  possible  by  any 
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method  of  cost-keeping,  as  tliere  is  always  sure  to  be  a  more 
or  less  unfair  distribution  of  the  general  expense  item.  Upon 
this  point  my  system  may  be  no  better  than  a  number  of 
others,  but  I  believe  that  it  entirely  fulfils  the  first  and  last 
of  these  conditions — hence  the  name  :  "  An  Accurate  Cost- 
keeping  System." 
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A    WATER-PVRIFYING   PLANT. 

BY  HOWARD   STILLMAN,    SACRAMENTO,   CAL. 

(Member  of  the  Society.) 

About  a  year  ago  the  Southern  Pacific  Railroad  Company- 
established  at  Port  Los  Angeles,  Cal.,  a  plant  or  adjunct  to  the 
pumping  station  for  the  parpose  of  purifying  the  water  supply 
at  that  point  of  the  largr>  amount  of  scaling  matter  it  contained. 

The  chemical  principles  involved  are  based  on  the  well-known 
Clark  or  Porter-Clark  process. 

The  mechanical  appliance  or  adjunct  to  the  pumping  station 
was  the  author's  design,  and  the  purpose  of  this  paper  is  to 
describe  the  method  as  well  as  the  "  standardizing "  of  the 
process,  since  the  plant  referred  to  was  established  with  a  view 
to  rendering  the  same  applicable  to  other  stations  on  the 
company's  lines  where  the  waters  require  purifying. 

At  certain  places  in  England  and  elsewliere  large  and  expen- 
sive plants  have  been  put  up  for  the  purpose  of  purifying  water 
for  boiler  purposes  on  a  large  scale.  The  method  which  we  are 
to  discuss  is  intended  to  do  away  with  an  elaborate  system  of 
works  and  to  furnish  a  continuous  supply  of  purified  water  of 
constant  quality  without  the  use  of  agitators  to  assist  chemical 
action  or  the  necessity  for  labor  other  than  that  in  usual  attend- 
ance at  a  water  station. 

It  was  also  desired  to  do  away  with  expert  attention  at  remote 
points  and  avoid  the  danger  of  overdosing  the  supply,  or  going 
to  the  other  extreme,  with  chemical  solutions. 

The  treatment  of  water  in  the  cold  on  a  large  scale  was  con- 
sidered the  cheapest  and  best  method  of  dealing  with  it.  No 
two  Avaters  from  a  natural  source  are  just  alike,  and  the  treat- 
ment by  boiler  purges,  compounds  and  nostrums,  frequently 
exploited,  is  properly  of  value  only  in  special  cases. 

On  a  railroad  where  steam  boilers  take  water  successively 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Yohime  XIX.  of  the  Transactions. 
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from  various  sources  of  differing  (quality  the  "  cure-all  "  l3ecomes 
a  factor  of  doubtful  value  or  eveu  safety.  The  old  sayiug  that 
what  is  one  man's  meat  is  another's  poison  is  equally  applicable 
to  steam  boiler  waters. 

The  consideration  of  each  water  by  itself,  and  its  reduction 
to  lowest  terms  practicable  with  respect  to  the  scaling  and 
corrosive  matter  contained,  seemed  the  best  course  to  pursue. 

The  water  at  Port  Los  Angeles  required  a  double  treatment 
on  account  of  the  bicarbonate  of  lime  contained,-  together  with 
a  large  amount  of  the  sulphates  of  lime  and  magnesia.  The 
chemical  2:)rinciples  involved  in  the  treatment  are  not  new,  and 
it  is  not  the  purpose  of  this  paper  to  discuss  them  at  length, 
though  reference  will  be  made  to  them  later,  as  well  as  the 
special  character  of  the  water  treated. 

The  following  is  a  description  of  the  appliance : 

The  general  plan  (Fig.  94)  shows  a  section  elevation,  and  Fig. 
98  a  plan  of  the  purifying  addition  and  pumping  station.  As  the 
system  is  independent  of  the  action  of  the  pump,  except  as  a 
constant  source  of  supply,  that  machine  does  not  necessarily 
form  part  of  our  description.  Referring  to  Fig.  98,  the  water 
main  a,  a  is  intercepted  in  its  passage  from  the  pump  to  supply 
tanks  (Fig.  95)  by  the  circulating  tanks,  Nos.  1  and  2.  Detail 
of  construction  of  these  tanks  is  shown  in  Fig.  96.  They  are 
alike,  each  about  4:^  feet  in  diameter  by  8  feet  high,  and  the 
sjDace  inside  is  divided  up  by  partial  diaphragms,  alternately 
placed,  allowing  the  water  in  its  course  to  circulate  upward, 
under  and  over,  and  check  its  motion,  allowing  time  for  chemi- 
cal action  to  take  place  within  them. 

Their  size  is  such  as  to  allow  the  water  about  five  minutes  in 
passing  through,  and  the  tanks  serve  virtually  as  an  enlarge- 
ment of  the  water  main  at  that  point :  the  arrangement  of  the 
diaphragm  or  baffle  plates  is  not  essential  to  the  process,  and 
the  circulating  tanks  are  not  intended  to  deposit  or  dispose  of 
sediment.  The  water  main  enters  tank  No.  1  at  the  bottom 
and  discharges  at  the  top,  thence  to  bottom  of  No.  2,  again  dis- 
charging at  top,  and  on  to  the  supply  and  settling  tank  (Fig.  95). 

Just  before  entering  each  of  these  circulating  tanks  the  water 
main  is  tapped  by  a  ^-inch  pipe,  conveying  in  a  steady  stream, 
when  in  operation,  a  solution  of  desired  chemical  reagent  from 
the  chemical  tanks  at  I,  c.  These  chemical  tanks  are  shown  in 
detail  at  Fig.  97,  and  the  |-inch  feed-pipes  leading  from  them, 
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e,  e,  are  controlled  by  the  plug  cocksy',/.  These  smaller  tanks 
are  also  of  like  dimension,  and  hold  100  gallons  when  charged 
with  solution,  which  suffices  for  four  hours"  continuous  operation 
of  the  pump,  or  a  supply  of  about  44,000  gallons  of  water. 
As  shown  in  Fig.  97,  the  tanks  are  air-tight  when  all  cocks  are 
closed,  and  are  filled  through  the  l^-inch  pipe  and  screened 
funnel  when  the  cock  </  is  open.  The  top  is  tapped  by  a  ^-inch 
pipe  leading  from  an  air  reservoir  supplied  with  compressed  air 
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Fig.  95. 


from  an  8-inch  Westinghouse  pump.  Just  before  entering  the 
tanks  the  small  air-pipe  p  is  intercepted  by  a  pressure-regulat- 
ing valve  V,  whereby  the  air  pressure  within  the  chemical  tanks 
is  kept  at  a  desired  pressure,  just  overbalancing  the  hydraulic 
pressure  in  the  water  main,  and  allowing  the  solution  to  flow 
through  the  ^-inch  feed-pipe  when  the  cocks/ are  oj)en.  These 
cocks  are  always  operated  wide  open  to  prevent  possible  clog- 
ging up  of  the  pij)e  by  a  casual  obstruction,  and  the  air  j^ressure 
is  allowed  entirely  to  control  the  flow  of  solution  to  mingle  with 
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the  water  flowing  tlirougli  the  circulating  tanks  to  the  reservoir. 
The  pressure-regulating  valves  are  controlled  in  the  usual 
manner  by  wrench  and  screw  at  bottom,  so  that  the  operator 
can  occasionally  adjust  the  feed  of  solution.  Each  chemical 
tank  is  about  four  feet  high,  and  provided  with  a  long-sight  feed- 
glass  so  that  the  contents  can  always  be  noted.  They  are 
gauged  to  feed  out  eleven  inches  j)er  hour,  and  when  pressures 
are  adjusted  do  not  ordinarily  vary.  Occasional  attention  to  the 
pressure  valve  during  pumping  hours,  such  as  an  engineer  gives 


Fig.  96. 


Fig.  97. 


his  sight-feed  lubricators  to  steam  engine  or  pump,  is  sufficient, 
inasmuch  as  the  hydraulic  pressure  during  pumping  hours 
does  not  vary  more  than  the  head  varies  in  a  gravity  supply. 
It  has  been  found  that  the  air  pressure  on  the  chemical  tanks 
is  about  an  atmosj^here  less  than  hydraulic  pressure  in  the 
main,  so  that,  as  would  be  expected,  the  pneumatic  action  is 
to  hold  back  the  solution  from  flowing  out  too  fast.  As  referred 
to  above,  this  feed  could  have  been  regulated  from  the  cock  e, 
or  the  pipe  made  smaller,  l)ut  it  was  desired  that  at  no  time 
should  the  operation  "  hang  fire  "  by  clogging  of  a  small  opening 
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When  the  pumping  ceases,  the  cocks  e  in  feed-pipes  are  im- 
mediately closed,  and  when  again  pumping  is  renewed  the 
cocks  are  opened.  At  Port  Los  Angeles  the  hydraulic  pressure 
is  about  92  pounds  gauge,  and  the  discharge  of  the  pump  a 
little  oyer  11,000  gallons  an  hour. 

The   chemical  tanks  are  filled  as  required  from  the  mixing 
vats,  on  the  floor  directly  overhead,  which  is  on  a  level  with  the 
track,  as  shown   in   Fig  94      These  vats  are  open,  and  have 
li-inch  pipe  connection  at  bottom,  terminating  in  plug  cocks 
opening  downward  through  holes  in  the  floor  directly  into  the 
screened    chemical     tank   funnels,    for   convenience   in   filling. 
The  vats  are  rectangular  in  form  and  of  such  size  that  a  12- 
inch  depth  of  liquid  fills  a  chemical  tank  for  four  hours'  con- 
tinous  run  of    pump.      The  weight  of  chemical   material   per 
12-inch  depth  of  liquid  in  the  open  vat  gives  a  standard  solu- 
tion, and  is  based  on  the  quality  of  the  water  and  its  hourly 
rate  of  flow  through  the  main  to  the  reservoir,  which  data  give 
the  key  to  the  situation  ;  as,  for  instance,  supposing  analysis  and 
tests  of  the  water  show  that  it  will    require   1/oV  pounds  of 
unslacked  lime  to  absorb    the  carbonic  acid  in   1,000  gallons. 
The  flow  through  the  main  being  11,000  gallons  per  hour  and 
the  charge  to  last  4  hours,  then  we  have  4  x  11  x  l/vV'^  oi'  ^"-^ 
pounds  of  lime  to  be  slacked  with  water  to  a  depth  of  12  inches 
(100  gallons)  in  the  mixing  vat.     When  slacked  and  mixed  the 
liquid  is  a  cream  of  lime,  which  is  run  off  into  the  chemical 
tank  when  desired,  as  before  stated. 

The  old  English  method  of  treatment  required  the  lime  water, 
or  lime  in  solution  only,  to  mingle  with  the  supply  being 
treated,  and  large  tanks  with  agitators  were  provided  for  the 
purpose.  It  has  been  proven  that  such  elaborate  means  are  not 
necessary,  and  that  in  condensed  form  as  cream  of  lime  the 
chemical  action  is  just  as  effective  by  the  method  described, 
the  agitation  being  accomplished  in  the  passage  of  the  water 
supply  through  the  circulating  tanks  or  an  equivalent  arrange- 
ment to  effect  the  purpose. 

it  requires  about  five  minutes'  time  to  refill  the  chemical 
tanks  and  recharge  with  air,  at  which  time  the  water  supply,  or 
pump,  is  stopped. 

The  tank  charged  with  cream  of  lime  is  provided  with  an  up- 
right revolving  shaft  carrying  paddles,  as  shown  in  Fig.  97,  and 
works  through  a  stufiing  box  in  the  top  by  means  of  a  small  air 
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motor.  Tho  paddles  revolve  slowly  when  the  tank  is  feeding 
into  the  main,  and  their  purpose  serves  to  stir  up  the  milk  of 
lime  to  prevent  it  settling  out,  and  thus  deliver  a  constant 
amount  of  lime  to  the  water  being  treated. 

We  have  just  considered  the  operation  of  introducing  quick- 
lime into  the  water  in  proper  jDrojJortion  to  effect  absorption  of 
carbonic  acid  and  consequent  precipitation  of  carbonates  in  so- 
lution. The  roily  water  now  passes  on  through  circulating 
tank  Xo.  1,  and  this  part  of  the  desired  reaction  occurs  more  or 
less  completely.  As  referred  to  before,  the  water  supply  at 
Port  Los  Angeles  contains,  besides  the  carbonates  in  solution,  a 
large  amount  of  sulphates,  lime,  and  magnesia. 

These  salts,  not  being  converted  by  quicklime,  require  a  sec- 
ond reaction.  The  use  of  the  necessary  amount  of  caustic  soda 
to  effect  this  would  have  been  expensive,  besides  other  objec- 
tions to  its  use.  Soda  ash  was  good  and  cheap,  but  would  react 
with  the  lime,  directly,  to  form  carbonate  of  lime  if  introduced 
with  it ;  hence  its  use  necessitated  the  second  chemical  tank, 
with  its  mixing  vat,  which  is  operated  by  the  same  method  and 
simultaneously  with  the  lime  tank. 

In  this  connection  it  may  be  stated  that  if  the  cream  of  lime 
and  carbonate  of  soda  were  injected  into  the  supply  main  from 
the  same  chemical  tank,  or  in  mixture,  a  series  of  chemical  reac- 
tions would  be  set  up  which  would  theoretically  terminate  in  the 
desired  result ;  but,  as  stated,  there  would  be  a  large  amount  of 
chalk  formed  directly,  and  there  are  other  reasons  why  it  seemed 
best  to  keep  the  reagents  separate  and  make  of  it  a  double  con- 
tinuous process. 

The  soda  tank  is  like  Fig.  97,  except  that  it  requires  no  stirring 
device,  as  the  solution  is  some  distance  from  saturation  and 
does  not  settle  out.  The  weight  of  soda  ash  put  into  the  soda 
mixing  vat  is  dependent  on  same  data  as  before  :  the  amount 
required  to  convert  the  sulphates  being  2^^  pounds  (per  1,000 
gallons),  we  have  4x11x2^77,  or  96  pounds  to  be  dissolved  in 
water  to  12  inches  depth  in  the  mixing  vat. 

The  lime  is  prepared  by  placing  the  stated  weight  of  a  good 
commercial  article  (fresh  burned  preferred)  in  the  vat  and  let- 
ting in  from  an  adjacent  hydrant  enough  water  to  slack,  after 
which  more  water  is  added  to  the  required  12-inch  depth. 

The  soda  is  prepared  in  its  vat  in  the  same  manner,  except 
that  it  is  simply  a  matter  of  solution  which  is  quite  strong  yet 
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not  saturated,  lience  no  separation  or  crystallization  of  sal  soda 
occurs  in  the  chemical  tank. 

As  the  water  in  the  main  receives  its  second  injection  from 
the  soda  tank,  it  passes  on  through  the  circulating  tank  No.  2, 
where  the  carbonate  soda  effects  its  reaction  more  or  less  com- 
pletely, and  thence  on  to  the  storage  and  settling  tanks,  which 
are  at  least  large  enough  to  contain  24  hours'  supply.  The 
treated  water  is  milky  with  precipitated  carbonates,  and  dis- 
charges through  the  inlet  pipe  about  4  feet  from  the  tank  bot- 
tom. The  outlet  to  this  tank  is  a  piece  of  4-inch  wired  hose, 
the  open  end  of  which  attaches  to  a  float  on  the  surface,  as  shown 
in  Fig.  95.  By  this  means  the  clearest  water  in  this  tank  passes 
on  to  the  second  similar  tank  by  the  same  method.  Clear 
water  is  always  obtained  from  the  surface  outlet  of  the  second 
tank. 

The  chalk  deposit  is  considerable  at  the  bottom  of  the  set- 
tling tanks  and  has  to  be  drawn  off  occasionally,  which  is  effected 
by  the  "  spider-drain  "  system  shown  in  Fig.  95,  which  consists 
in  tapping  the  tank  bottom  with  seven  4-inch  drain  pipes.  The 
location  of  these  drains  is  shown  in  the  plan  of  one  of  the  tanks 
(Fig.  95),  the  drainage  areas  being  indicated  by  the  tangent 
dotted  circles. 

The  vertical  4-inch  drain  pipes  open  into  larger  horizontal 
pipes,  and  these  into  a  9-inch  pipe  at  right  angles,  terminat- 
ing in  the  sludge  valve  shown  at  n,  Fig.  95.  This  valve  dis- 
charges downward  into  the  sluice  box,  and  when  opened  the  tank 
bottom  is  drained  from  seven  equidistant  openings,  which  keeps 
the  chalk  deposit  down  near  the  tank  bottom  and  prevents  the 
"  angle  of  slope  "  which  the  deposit  would  assume  with  but  a 
single  central  discharge,  whereby  the  deposit  would  accumulate 
up  along  the  sides  of  the  tank  to  interfere  with  clear  settling, 
and  would  also  require  an  occasional  scraping  or  shovelling  out. 
Each  of  the  tanks  is  provided,  independently,  with  this  spider- 
drain  arrangement,  though  both  sludge  valves  discharge  into 
the  same  sluice  box. 

Experiments  were  made  in  the  laboratory  by  the  author  on 
the  time  practically  required  to  complete  the  chemical  reactions. 
During  the  first  hour  after  treatment  it  was  noted  that  the  sedi- 
ment or  chalk  kept  forming  in  addition  to  that  deposited,  show- 
ing that  chemical  action,  as  far  as  observation  would  show,  was 
not  complete,  though  at  the  end  of  two  hours  no  more  precipi- 
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tation  occurred  even  iu  decanted  water  if  left  standing  some 
days. 

While  for  practical  purposes  it  has  been  determined  that 
sufficient  tankage  for  a  day's  supply  is  ample  to  insure  settled 
water,  the  system  can  be  used  by  putting  up  a  number  of 
smaller  tanks  with  less  total  capacity  than  a  day's  supply,  pro- 
vided the  surface  water  from  each  tank  drains  to  the  lower  part 
of  the  next,  and  so  on,  the  final  supply  coming  from  the  tank 
farthest  from  the  water  station.  This,  however,  is  a  matter  of 
circumstance  and  expense  dependent  on  local  conditions. 

The  following  analyses  are  shown  of  the  Port  Los  Angeles 
water  supply  in  tabulated  form  "  before  "  and  "  after  "  treatment. 
The  analysis  "  before  "  is  one  of  several  which  were  made  at 
intervals  during  a  year  previous  to  putting  in  the  treating 
system.  None  of  these  analyses  varied  materially  with  the 
season.  The  analysis  "  after "  was  made  about  two  months 
after  the  system  went  into  operation,  and  is  also  one  of  several 
made  during  the  past  year,  without  showing  material  variation 
in  the  treated  supply. 


SOURCE  OF  SUPPLY,    WELL   IN   BED    OF    SANTA    MONICA    CANON, 
ABOUT  100  YARDS  FROM  PACIFIC   OCEAN  BEACH. 


Before. 

After. 

Date  of  Analysis. 

March,  1896. 

December,  1896. 

Treatment  per  1,000  Gallons. 

Lime,  1/^n  pounds. 
Soda  A  sh,  2^%  pounds. 

Contained  in  the  water  in  solution  in  grains 
per  U.  S.  gallon  :         ' 

Carbonate  lime  

14.39 
5.07 
1.22 

17.15 

1.34 

.17 

3.56 

8.75 

.69 

.39 

Carbonate  magnesia 

Sulphate  magnesia , . .    .  . 

Sii  ica 

7.15 

1.63 

.11 

Alumina              . .    .            

.17 

Sulphate  soda 

37.93 

Chloride  soda 

5.71 

Total 

51.55 

39.24 
12.31 

48.67 

Incrustating  matter 

10.04 

Non-incrustating  matter 

33.63 

Cost  per  1,000  gallons  to  treat,  4  cents. 

The  above  analyses  are  presented  as  showing  in  a  commercial 
way  the  result  of  the  treatment.  The  treated  sample  was  taken 
from  the  supply  pipe  at  the  end  of  the  company's  wharf,  about 
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a  mile  and  ;i  (piartor  from  tlio^  settling  tanks,  -which  are  placed 
ou  top  of  a  blutt'  across  the  canon  and  about  100  feet  above  the 
track. 

The  photograph  (Fig.  99)  shows  the  pump  house  and  chemical 
floor  addition  tliereto,  at  the  right.  The  view  is  looking  north 
toward  the  company's  mammoth  wharf,  which  jjartially  shows, 
making  out  into  the  ocean  to  the  left.  The  settling  tanks  are 
on  top  of  the  bluff  and  behind  the  trees  growing  there. 

Keturuing  to  a  discussion  of  the  "  treated "  analysis,  there 
is  shown  to  be  7.15  grains  per  gallon,  carbonate  of  magnesia, 
remaining  in  solution.  Its  presence  seems  due  to  the  fact  that 
the  well  water  contained  more  carbonic  acid  than  allowed  for 
as  in  combination  with  carbonate  of  lime  ;  hence  the  carbonate 
soda  in  its  reaction  with  the  sulphate  magnesia  produced,  in 
part,  the  soluble  bicarbonate  of  magnesia.  It  was  found  sub- 
sequently that  an  increase  in  amount  of  quicklime  from  lj%  to 
2  pounds  per  1,000  gallons  reduced  the  carbonate  magnesia  to 
about  3  grains  per  gallon,  without  an  excess  of  lime  showing  in 
the  treated  water. 

The  analysis  shows  almost  28  grains  of  the  neutral  sulphate 
soda.  This  alkali  is  not  desirable,  as  having  a  tendency  to 
produce  foaming  if  allowed  to  become  too  concentrated  in 
the  boiler,  but  is  neutral  in  other  ways  as  affecting  water  for 
boiler  use.  Its  presence  is  unavoidable,  as  being  the  direct 
product  of  soda  ash  and  magnesia  sulphate  (NaaCO^  +  MgSOi 
=  MgCO,  +  :Ma,SO^).  The  greater  portion  of  the  MgCO,  is 
precipitated,  1)ut  the  soluble  Na^SOi  necessarily  remains,  and, 
like  other  a' kali  salts,  can  only  be  removed  from  a  water  by 
evaporation. 

While  the  treated  water  is  not  shown  to  be  "  purified  "  in  the 
proper  sens'3  of  the  term,  yet  it  is  converted  to  a  fairly  good 
water  for  boiler  use.  Previous  to  treatment  the  water  formed  a 
large  amount  of  very  hard  scale,  with  considerable  corrosion. 
I  have  seen  pieces  of  this  scale  1^  inches  thick  and  weighing 
over  a  pound,  which  could  be  best  pulverized  on  an  anvil. 
Analysis  of  this  scale  showed  it  to  contain  very  much  more  of 
the  hardening  element  (sulphate  of  lime)  than  was  due  to  the 
amount  of  that  element  existing  in  the  water  before  use  ;  hence 
it  seemed  most  probable  that  superheating  of  firebox  plates  to 
force  heat  through  the  intervening  scale  to  make  steam  led  to 
decomposition  of  the  sulphate  of   magnesia,  forming,  with  the 
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carbonate  of  lime,  more  sulphate  of  lime  and  carbonate  of 
magnesia.  The  superheating  of  the  plates  from  the  cause  stated 
would  possibly  lead  to  decomposition  of  a  film  of  water  next  to 
them  and  account  for  the  corrosion,  as  oxidation  under  these 
circumstances  would  seem  bound  to  occur  ultimately. 

It  is  not  in  place  here  to  present  chemical  conundrums,  and 
the  author  is  not  prepared  to  state  whether  the  firebox  and 
boiler  flue  corrosion  was  due  to  this  cause  or  the  carbonic  acid 
in  the  well  water.  Before  treatment  the  water  badly  corroded 
the  supply  pipes  or  water  main  leading  to  and  from  the  supply 
tanks.  I  believe  this  corrosion  was  due  to  the  carbonic  acid  in 
the  water,  as  there  are  several  instances  which  have  come  to 
notice  at  other  points  where  corrosion  in  iron  conduits  of  other- 
wise excellent  water  are  producing  disastrous  results  which  can 
be  traced  to  no  other  source  as  easy  of  explanation. 

A  switch  engine  with  clean  boiler  was  put  to  work  on  the 
wharf  at  Port  Los  Angeles,  using  only  treated  water,  not  long 
after  the  plant  was  put  in  operation,  and  observations  made  at 
intervals  on  the  action  of  the  water.  No  scale  forms  from  its 
use,  but  a  small  deposit  of  magnesia  sludge,  having  no  tendency 
to  form  scale,  has  at  times  been  observed.  Otherwise  the  treat- 
ment has  greatly  improved  the  quality  of  the  supply. 

The  author  has  done  considerable  experimenting  in  his  labo- 
ratory, using  different  reagents  and  methods  for  the  purpose  of 
treating  waters  for  steaming  purposes.  All  samples  were  ana- 
lyzed after  treatment,  and  the  double  method  described  seems 
to  have  been  much  the  more  satisfactory  in  result. 

As  to  the  chemicals  used  for  treatment,  there  are  other  re- 
agents in  the  market  for  the  purpose.  Fluoride,  phosphate,  and 
hydrate  of  soda  are  among  these  and  with  which  experiments  were 
niade,  but  the  market  price  of  these  materials  is  not  comparable 
with  the  dry  carbonate,  or  soda  ash,  for  the  results  produced. 
If,  for  instance,  Ave  wish  to  reduce  the  sulphate  of  lime  in  a  well 
water  (permanent  hardness),  it  is  practically  immaterial  whether 
the  precipitate  formed  is  fluoride  or  phosphate  of  lime,  tlie  neu- 
tral sulphate  of  soda  (or  potash)  will  remain  as  formed  in  the 
chemical  exchange  of  bases.  The  phosphate  acts  somewhat 
quicker  and  the  precipitate  is  heavier  and  settles  sooner,  but  its 
cost  is  incomparal>le  with  soda  ash  (90  to  i)4  per  cent,  absolute 
Na.,CO.;)  at  less  than  two  cents  a  pound. 

As   concerns  the   "  temporary   hardness "    in  natural  waters 
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proiluced  from  bicarbouates  of  tlie  scalo  forming  bases,  there 
seems  to  be  no  better  or  cheaper  method  of  reduction  than  by 
use  of  quicklime.  .  No  reagent  obtainable  at  the  price  will  absorb 
carbonic  acid  more  greedily.  It  is  itself  precipitated  as  carbonate 
of  lime  by  the  carbonic  acid  which  it  has  taken  up,  and  in  thus 
depriving  the  naturally  contained  carbonates  of  their  solvent 
allows  them  to  ^precipitate  also.  Besides  this,  it  will  throw  out 
of  solution  iron  and  silica  to  a  certain  extent  as  well  as  organic 
matter. 

Some  waters,  from  absence  of  incrustating  sulphates,  do  not 
require  the  double  treatment.  For  such  stations  the  lime  treat- 
ment alone  is  sufficient,  and  one  tank.  Fig.  97,  with  its  adjacent 
circulating  tank,  Fig.  96,  is  made  to  serve. 

The  "  standardizing  "  of  the  process  for  treatment  of  such 
waters  as  may  thereby  be  benefited  has  been  based  on  the  fol- 
lowing principles  : 

All  tanks,  vats,  etc.,  to  be  made  in  sets  of  three  sizes,  the 
smallest  being  adapted  to  water  stations  having  a  delivery  of 
4.000  gallons  per  hour  or  less,  the  second  4,000  to  8,000  gallons, 
and  the  third  8,000  to  12,000  gallons. 

Storage  and  settling  capacity  for  a  station  to  be  sufficient  for 
at  least  24  hours'  supply,  unless  circumstances  allow  other  ar- 
rangement as  to  settling. 

The  character  (from  analysis)  and  rate  of  flow  of  water  at  a 
station  being  known,  it  remains  to  substitute  such  weight  of 
reagents  in  a  circular  of  direction,  properly  posted  at  the  water 
station,  as  will  supply  necessary  instruction  to  a  person  of 
ordinary  intelligence. 

DISCUSSION. 

Mr.  Albert  A.  Gary. — The  purification  of  water  for  boiler  use 
is  a  most  important  subject,  which,  I  regret  to  say,  has  been 
sadly  neglected  by  American  engineers,  and,  in  consequence,  we 
find  steam  boilers  all  through  this  country  su£fering  from  pit- 
ting, corrosion,  and  scaling,  which  results  in  more  or  less  rapid 
deterioration  and  increase  in  fuel  bills,  to  say  nothing  of  the 
worry  and  trouble  connected  with  the  attending  repairs  made 
necessary,  and  the  laborious  work  required  to  keep  the  boiler 
in  running  condition. 

This  state  of  affairs  is,  in  a  majority  of  cases,  unnecessary, 
as  there  are  very  few  of  the  troublesome  boiler  waters  which 
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cannot  be  treated  in  a  comparatively  simple  manner  by  either 
mechanical  or  chemical  means  so  that  the  boiler  will  be  sup- 
plied with,  practically,  a  pure  water,  and  where  water  has  been 
troublesome  in  boilers,  such  purifyinpj  equipments  will  be  found 
to  be  one  of  the  best  paying  investments  in  the  entire  steam 
plant. 

Undoubtedly,  the  best  method  of  treating  boiler  waters  is  to 
rob  them  of  their  scaling  or  corroding  matters  before  allowing 
them  to  enter  the  boiler,  but  in  some  plants  the  equipment 
necessary  for  this  purpose  is  regarded  as  too  costly,  and  then 
there  remains  simply  "the  next  best  thing  to  do."  Following 
this,  and  without  proj)er  advice,  we  find  the  boiler  user  often 
the  victim  of  the  many  boiler  quacks  with  both  mechanical  and 
chemical  cures  for  all  boiler  troubles,  who  "  treat "  the  water 
after  it  is  fed  into  the  boiler.  All  that  the  honest  treatment  of 
water  inside  of  the  boiler  consists  of  is  simply  the  use  of  some 
substance  which  will  keep  soft  such  scale  as  tends  to  form  a 
hard,  resisting  crust,  until  it  can  be  blown  out,  or  removed  by 
some  continuous  process,  or  else  the  use  of  some  apparatus 
which  will  draw  out  continuously,  or  intermittently,  the  scale- 
forming  matter  before  it  has  time  to  form  a  hard  crust.  These 
results  can  be  obtained  in  the  usual  partially  perfect  way  by  the 
use  of  the  clieapest  chemicals  or  apparatus. 

Many  of  the  co-called  boiler  compounds  are  composed  of 
these  very  cheap  chemicals,  but  they  are  sold  at  prices  ranging 
from  five  to  twenty-five  times  their  actual  value,  and  as  many  of 
them  contain  positively  harmful  ingredients,  I  would  advise 
boiler  users  to  adopt  them  only  after  consultation  with  an  ex- 
perienced chemist  or  expert. 

By  describing  this  method  of  internal  treatment  of  boiler  feed 
waters  I  do  not  wish  to  be  understood  as  endorsing  the  method, 
although  I  have  been  forced  to  adopt  it  in  certain  cases.  I 
believe  that  a  boiler  has  all  it  can  do  to  furnish  the  steam 
i-equired  without  converting  it  into  a  chemical  laboratory,  as  ill 
results  are  pretty  sure  to  follow  such  misusage  sooner  or  later. 

External  mechanical  treatment  of  boiler  waters  depends  prin- 
cipally upon  the  fact,  that  when  water  contains  certain  sub- 
stances in  solution,  and  when  the  temperature  of  such  water  is 
raised  above  a  certain  degree,  more  or  less  definite,  this  dis- 
solved matter  cannot  remain  longer  in  solution  and,  therefore, 
it   is  precipitated   and   held  in  mechanical  suspension.     This 
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precipitate,  in  one  treatment,  is  deposited  into  the  top,  or  onto 
the  bottom  or  sides  of  catch-pans,  Avhere  it  is  supposed  to 
remain,  the  clear  water  passing  onward  into  the  boiler. 

Filters  are  also  used  to  remove  all  kinds  of  mechanically  sus- 
pended matter,  whether  existing  originally  in  the  water  or  else 
being  precipitated  by  some  process  from  a  chemical  solution. 

In  the  paper  before  ua  we  find  an  external  treatment  by 
chemical  means,  which  is  very  effective  when  properly  designed 
and  manipulated. 

Mr.  Stillman  speaks  of  basing  his  process  upon  the  Clark  or 
Porter-Clark  process.  One  might  infer  from  what  he  has  said 
that  both  of  these  processes  are  identical,  but  this  is  not  so. 
The  Clark  process  was  originally  a  simple  lime  process;  the 
lime-water  (not  cream  of  lime)  is  mixed  with  the  water  for  treat- 
ment by  the  simplest  means,  and  the  precipitated  carbonates 
were  allowed  to  settle  slowly  in  large  and  expensive  tanks.  The 
sulphates  of  lime  and  magnesia  present  in  the  water  were  not 
eliminated  b}^  this  process.  Mr.  Porter  followed  Mr.  Clark's 
invention  with  an  arrangement  by  which  he  mixed  the  lime- 
water  with  the  water  for  treatment,  by  use  of  revolving  paddles, 
and  then,  without  waiting  for  the  precipitate  to  settle,  he  forced 
his  water,  with  its  mechanical  solution,  through  a  filter  press, 
from  which  was  delivered  practically  clear  water. 

In  the  method  described  by  Mr.  Stillman  he  treats  his  water 
in  two  separate  processes,  first  mixing  his  cream  of  lime  in  the 
water  for  treatment,  to  throw  down  the  carbonate  of  lime  and 
carbonate  of  magnesia,  and  afterwards  he  mixes  the  carbonate 
of  soda  (or  soda  ash)  with  this  partially  treated  water  to  throw 
down  the  sulphates  as  carbonates. 

To  those  who  are  not  familiar  with  these  chemical  reactions 
in  the  treatment  of  boiler  feed  waters,  who  care  to  follow  this 
subject,  I  would  refer  them  to  a  popular  article  which  I  wrote, 
and  which  appeared  in  the  March,  April,  May,  and  June  num- 
bers of  1897  in  the  Enginee/ing  Magazine. 

I  have  been  quite  successful  in  treating  similar  water  to  that 
described  by  Mr.  Stillman,  by  a  single-jDrocess  method,  using, 
instead  of  the  cream  of  lime,  lime-water,  which  I  have  found 
very  much  more  satisfactory,  and  instead  of  using  the  carbonate 
of  soda,  I  have  used  caustic  soda,  which  acts  quicker  than  the 
carbonate  of  soda,  and  seems  more  powerful  in  its  effect.  Prob- 
ably (when  acting  upon  the  sulphate  of  lime)  it  more  readily 
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decomposes  the  sulphate  of  lime,  forming  sulphate  of  soda 
(which  is  soluble)  aud  liberating  hydrate  of  lime,  which  readily 
absorbs  the  available  carbonic  acid,  thus  resulting  in  a  most 
desirable  reaction. 

My  lime-water  is  made  in  one  of  a  pair  of  tanks,  while  the 
completed  solution  is  being  drawn  from  the  second  similar  tank 
of  this  pair.  The  solution  of  caustic  soda  is  drawn  from  one  of 
another  pair  of  tanks.  To  introduce  these  two  solutions  in  a 
fixed  proportion  to  a  given  volume  of  water  to  be  treated,  I  use  a 
large  pump  to  feed  the  water  to  be  treated  to  two  large  settling 
tanks,  and  attached  to  the  piston  rods  of  this  large  pump  are 
two  small  pumps,  similar  to  those  used  for  feeding  oil  to  screw 
machines.  The  length  of  the  stroke  of  these  small  pumps  is 
made  variable  so  that  they  will  each  deliver  a  definite  propor- 
tion of  the  two  solutions  with  the  water  for  treatment,  and  thus 
I  obtain  a  fixed  and  positive  chemical  mixture  in  exactly  the 
right  proportion. 

The  two  large  settling  tanks  are  similar  to  those  described  by 
Mr.  Stillman,  with  the  exception  of  having  a  stirring  device 
■which  insures  a  positive  mixture  of  the  solutions  with  the 
water.  After  taking  the  treated  water  from  the  settling  tanks, 
I  pass  it  through  a  filter  or  filter  press,  and  thus  rob  the  water 
of  all  of  its  mechanically  suspended  matter,  putting  the  purest 
possible  water  into  the  boiler,  containing  never  more  than  the 
equivalent  of  three  grains  of  carbonate  of  lime  per  U.  S.  gallon. 

In  Mr.  Stillman's  apparatus  we  find  that  after  the  "  cream  of 
lime  "  aud  solution  of  soda  are  mixed  in  tlie  tanks  on  the  upper 
floor,  these  are  fed  by  gravity  into  the  ''supply  tanks"  below, 
and  then  air  is  compressed  over  the  surface  of  the  liquid  in 
these  "  supply  tanks,"  which  causes  these  solutions  to  flow  on 
and  enter  the  •'  circulating  tanks,"  with  the  water  for  treatment. 
This  method  of  feeding  solution  may  do  for  plants  where  a 
constant  quantity  of  water  is  pumped  almost  continuously,  but 
I  am  afraid  that  for  variable  loads,  such  as  occur  in  mills  and 
electric  lighting  and  power  stations,  there  would  be  a  great  deal 
of  trouble  in  securing  exact  proportionate  mixtures  of  the  solu- 
tion and  the  water  for  treatment  by  feeding  in  this  way.  In  the 
circulating  tank  described  by  Mr.  Stillman,  I  do  not  see  how  it 
is  possible  for  a  perfect  mixture  of  the  water  for  treatment  and 
the  solution  to  take  place.  The  analysis  given  by  Mr.  Stillman, 
on  page  424,  showing  the  condition  of  the  water  after  treatment, 
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would  indicate  tliis  to  be  the  fact.  I  believe  tliat  with  a  good 
stirriug  apparatus  placed  in  the  circulating  tanks,  and  with  the 
removal  of  the  shelves  or  baflfles  shown,  very  much  better  results 
could  be  obtained. 

I  am  interested  to  know  how  Mr.  Stillman  cleans  out  all  of 
these  tanks.  A  precipitation  certainly  must  take  j^laee  in  them, 
and  I  cannot  see  how  the}-  can  be  properly  and  easily  cleaned. 
In  the  first  jn'ocess,  where  the  "cream  of  lime  "  is  used,  many  of 
the  little  particles  of  susj^ended  lime  must  become  inoperative 
by  receiving  a  coating  of  carbonate  of  lime,  when  they  come  in 
contact  with  the  carbonic  acid  in  the  water,  and  it  seems  to  me 
that  the  "cream  of  lime  "  would  deposit  some  of  its  suspended 
matter  upon  the  shelves  of  the  circulating  tank,  where  its  sur- 
face would  soon  be  changed  to  the  carbonate  of  lime,  and  the 
biilauce  beneath  then  becomes  inoperative.  When  the  "  cream 
of  lime  "  is  used  for  this  purpose,  a  very  considerable  percentage 
must  be  wasted,  and  therefore  a  large  excess  of  lime  is  necessary. 

From  the  last  "  circulating  tank  '"  Mr.  Stillman  passes  the 
water  on  to  the  large  settling  tanks,  and  his  method  of  connect- 
ing them  in  series,  although  not  new,  is  excellent. 

I  referred  a  copy  of  this  paper  to  the  We-Fu-Go  Company,  of 
Cincinnati,  who  treat  waters  in  a  very  similar  manner,  and  in 
reply  to  my  letter  they  state  :  "  .  .  .  It  seems  to  us  that  the 
only  advantage  in  using  a  continuous  process  is  that  it  can  be 
made  more  or  less  automatic  in  its  action,  and  in  this  way 
reduces  the  amount  of  attention  or  labor  necessary  to.  keep  it  in 
operation,  and,  furthermore,  that  a  properly  designed  apparatus 
of  this  kind  would  furnish  a  greater  quantity  of  purified  water, 
with  a  given  sized  plant,  than  by  the  intermittent  method  of 
purification. 

"  It  seems  to  us  that  Mr.  Stillman  has  failed  to  accomplish 
these  points.  We  doubt  if  his  apparatus  can  be  run  with  as 
little  attention,  and  I  also  doubt  whether  his  apparatus  would 
not  cost  more  for  a  given  capacity  than  is  claimed.  Further- 
more, I  think  it  extremely  doubtful  whether  he  can  get  per- 
fectly clear  water  from  his  plant,  although  he  states  that  he 
can.  ...  In  regard  to  feeding,  I  think  that  your  method 
is  superior  to  his,  but  of  course  you  would  not  be  able  to  handle 
a  cream  of  lime  in  place  of  lime-water.  It  is  pretty  hard 
to  state,  without  having  had  sufficient  practical  experience, 
whether  a  cream  of  lime  could  be  used  successfullv,  but  I  know 
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that  it  is  contrary  to  all  other  experimenters  in  this  line.  .  .  . 
There  is  no  tj^uestion  but  what  stirring  the  water  with  a  paddle 
is  better  than  mixing  it  as  he  does  ;  in  fact,  I  doubt  whether  it 
could  be  mixed  successfully  in  that  way.  .  .  .  There  is 
no  good  reason  why  he  should  not  be  able  to  add  all  his  re- 
agents at  one  time,  so  far  as  we  can  see  it,  althougli  lie  may 
have  other  reasons,  Avhicli  he  does  not  state  in  this  paper,  for 
doing  this ;  but  the  experience  of  others  has  not  shown  that 
any  benefit  is  derived  by  separate  treatment. 

"  Kindly  ask  Mr.  Stillman  if  he  ever  had  any  trouble,  or  still 
has  trouble,  with  the  injectors  which  feed  this  water  into  the 
boilers,  or  with  the  check  valves.  We  would  be  inclined  to 
think  that  with  the  water  handled  in  this  way  there  woidd  be 
some  trouble  due  to  a  deposit  which  would  form." 

In  conclusion,  I  would  say  that  if  this  discussion  has  raised  a 
question  of  doubt  in  the  minds  of  any  of  the  gentlemen  present 
as  to  the  ability  of  this  form  of  apparatus  to  perform  its  work 
satisfactorily,  easily,  and  economically,  I  will  say  that  sucli 
doubt  may  be  dismissed  at  once,  as  this  process  is  a  very 
efficient  and  desirable  one,  and  it  is  one  very  largely  used  in 
Engl-md,  France,  Germany,  Austria,  and  Belgium,  while  here 
in  America  we  are  just  rubbing  our  eyes  and  waking  up  to 
appreciate  the  very  material  saving  which  it  affords  in  pro- 
longing the  life  of  the  boiler,  in  saving  fuel,  and  in  reducing 
our  bills  for  cleaning  boilers. 

3Ir.  L.  S.  RaialolpJt. — I  notice  the  pai3er  says  something  in  regard 
to  the  objection  to  making  a  chemical  laboratory  of  a  boiler.  I 
have  had  this  problem  to  handle  on  one  or  two  occasions,  and  I 
had  that  same  objection  at  first.  I  have  used  soda  ash,  soda — 
that  is,  carbonate  of  soda — and  quite  a  number  of  difierent  chem- 
ical compounds,  and  I  failed  to  detect  the  first  signs  of  corrosion 
or  failure  of  the  boiler.  In  the  last  year  or  two,  in  fact  about 
three  years  ago.  I  had  a  problem  of  this  kind  referred  to  me. 
We  had  a  60  horse-power  return  tubular  boiler  which  was  chock 
full  of  lime,  and  I  do  not  suppose  we  got  more  than  40  horse- 
power, and  had  to  drive  pretty  hard  to  get  that.  I  was  asked 
if  there  was  not  some  cure  for  it,  and  my  reply  was  that  there 
was  no  excuse  for  scaling.  We  used  a  carbonate  of  soda,  and 
the  scale  commenced  to  come  off  rapidly,  in  fact  so  rapidly  that 
we  could  scarcely  keep  the  boiler  cleaned  out.  It  also  had  the 
effect  of  making  the  flues  leak.     The  flues  had  scaled  around 
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and  become  liard  and  brittle  and  crystalline,  and  they  had  also 
drawn  away  from  the  due  sheet,  allowing  the  water  to  get  there  ; 
then  the  scale  would  form  between  the  flue  and  the  sheet  and 
choke  it  up.  As  soon  as  the  soda  struck  this  place  it  would 
take  the  scale  out  and  the  boiler  would  leak  here,  but  this  leakage 
caused  external  corrosion  to  such  an  extent  that  w^e  had  to 
throw  the  boiler  away  and  get  another.  Since  that  time  we 
have  been  using  a  compound,  which  is  said  to  be  a  secret  com- 
pound. I  do  not  think  it  is  anything  more  than  carbonate  of 
soda,  but  it  kept  the  boiler  perfectly  clean.  We  blow  out  pretty 
regularly,  and  clean  out  probably  once  in  two  or  three  weeks. 
We  liave  two  30-liorse-power  boilers  in  which  we  have  been 
using  soda  ash  and  commercial  carbonate,  sometimes  one,  some- 
times the  other.  We  put  two  to  three  pounds  of  soda  in  every 
two  weeks,  the  water  having  about  one-quarter  to  one-third  of 
the  scale-forming  impurities  which  the  author  mentions.  These 
boilers  are  clean,  and  give  us  no  trouble  whatever.  There  is 
scarcely  no  scale  on  at  all.  I  examined  both  of  them  very  care- 
fully and  have  yet  to  find  any  sign  of  corrosion.  Several  years , 
ago  Mr.  Gibbs,  of  the  Chicago,  Milwaukee,  and  St.  Paul  Rail- 
road, published  an  article  in  the  Bailroad  Gazette  which  goes 
into  this  thing  very  thoroughly,  and  I  am  satisfied  from  my  own 
observation,  and  what  I  remember  of  his  article,  thai  the  cost  of 
using  chemicals  in  the  boiler  is  very  much  less  than  one  w^ould 
have  from  this  method  on  a  basis  of  four  cents  per  thousand 
gallons.  I  am  not  prepared  to  say,  though,  that  that  method 
of  putting  chemicals  in  the  boiler  would  answer  vv^here  you  have 
as  much  scale-forming  matter  as  this  water  has.  I  know  it  has 
worked  very  satisfactorily  up  to  a  range  of  twenty-five  grains  per 
gallon  of  total  solids.  This  article  of  Mr.  Gibbs  stated  that  he 
used  there  soda  ash  and  soda.  In  my  own  neighborhood  at 
Boanoke  I  found  that  the  Roanoke  Machine  Works,  where  they 
had  a  thousand  or  so  horse-power  using  very  bad  water,  most 
of  it  lime  carbonate  and  sulphate,  they  had  no  difficulty.  When 
asked  how  they  managed  it,  the  reply  was :  "  Our  firemen  put 
in  a  little  soda  every  now  and  then."  In  regard  to  the  action 
of  carbonic  acid  gas  on  iron :  I  have  had  at  one  time  and 
another  considerable  experience  in  that  line,  and  am  rather  in 
doubt  as  to  its  having  any  effect.  We  find  no  corrosion  what- 
ever where  we  have  been  running  two  or  three  years,  and 
frequently  I  have  found  that  cases  of  corrosion  were  unques- 
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tioiiablv  line  to  the  expansion  of  the  boiler  or  the  steam  pipes 
causing  the  oxide  of  iron  which  formed  to  crack  off,  allowing 
the  water  to  come  in  contact  with  fresh  iron.  In  a  paper  read, 
I  think,  at  the  Chattanooga  meeting  of  this  Society,  I  called 
attention  to  the  effect  of  these  strains  in  causing  corrosion.  My 
attention  was  first  called  to  it  on  an  old  anthracite  engine  on 
the  Erie  Railroad,  where  we  had  long  flues  from  one  end  of  the 
firebox  to  the  other,  and  between  them  short  thimbles  going 
from  the  inside  of  the  firebox  to  the  outside.  Now,  under  these 
thimbles,  where  the  two  sheets  were  held  rigidly  together,  there 
was  no  corrosion,  but  under  the  long  flues  there  was  consider- 
able corrosion ;  the  only  explanation  we  could  get  was  that  the 
contraction  and  exjiansion  of  those  long  flues  bent  the  sheet 
and  caused  corrosion  immediately  under  it. 

Mr.  E.  N.  Trump. — From  an  experience  in  the  purification  of 
feed- water  for  boilers  of  about  12,000  horse-power,  in  the  last 
ten  years,  we  have  found  that  soda  ash  is  the  best  ingredient 
for  the  purpose.  We  used  caustic  soda  when  we  first  started 
in,  but  it  seemed  entirely  unnecessary  to  use  a  more  costly 
material  The  purification  of  water  depends  entirely  on  the 
composition  of  the  impurities,  and  no  one  should  attempt  to 
purify  any  specific  water  without  knowing  its  analysis.  The  use 
of  soda  ash  will  take  out  only  the  sulphate  of  lime.  The 
carbonate  of  lime  can  be  removed  either  by  quicklime  or  by 
heating  the  water  to  a  temperature  of  about  60  degrees  centi- 
grade. We  use  probably  2,500  tons  of  water  per  day,  and  we 
purify  it  by  mixing  it  with  a  measured  amount  of  liquor  con- 
taining a  known  proportion  of  soda,  which  is  put  into  it  in 
tanks,  the  water  having  been  previously  heated  by  the  use  of 
exhaust  steam,  or  we  use  waste  waters  which  are  already  hot. 
The  correct  quantity  of  the  solution  is  ascertained  l)y  the  water 
being  tested  carefully  by  the  use  of  chemical  reagents.  It  is 
necessary  to  have  quite  a  large  tank,  and  a  considerable  amount 
of  time,  to  allow  the  reaction  to  properly  take  place.  The  pre- 
cipitfition  of  the  carbonate  of  lime,  produced  by  the  reaction 
between  the  sodium  carbonate  and  the  sulphate  of  lime,  goes 
on  quite  slowly,  and  it  is  necessary  to  allow  a  little  time.  We 
remove  tliat  precipitate  by  the  use  of  sand  filters,  which  seem 
to  give  rather  more  economical  results  than  an  ordinary  filter 
press,  in  Europe  a  great  many  of  the  German  works  purify 
water  in  this  same  way  by  the  use   of  a  settling  tank.     The 


436  A    WATHK-lTlUFYlNd    TLANT. 

apparatus  is  in  a  simple  plant  of  a  single  tank  with  a  central 
pipe,  in  wliich  the  water  is  pumped,  the  reagent  being  allowed 
to  drop  into  it  continuously.  The  settling  is  produced  by  a 
series  of  inclined  plates,  through  which  the  Avater  rises  very 
slowly,  and  the  sediment  precipitates  into  the  lower  part  of  the 
tank  (which  has  a  conical  bottom)  and  is  drawn  off.  We  have 
used  the  confinuaxs  system  quite  successfully  by  using  a  sand 
filter  in  connection  with  the  boiler,  allowing  a  solution  from  a 
small  tank,  in  which  the  soda  ash  is  put  and  dissolved  in  water, 
to  drip  slowly  into  the  suction  of  the  pump.  It  is  necessary, 
however,  in  that  case  to  circulate  water  from  the  blow-off  of  the 
boiler  through  the  same  filter,  in  order  to  obtain  a  temperature 
of  00  degrees  centigrade.  We  have  two- pumps,  one  for  pumping 
water  into  the  l)oiler,  and  a  small  pump  for  circulating  from  the 
blow-off  of  the  boiler  into  the  same  filter.  In  a  small  boiler 
plant,  where  we  have  only  about  600  horse-power,  we  obtain  a 
perfect  purification  of  the  water  by  the  use  of  soda  ash  only. 
We  use  no  lime,  because  as  long  as  the  water  is  hot  enough 
precipitation  takes  place  without  any  difficulty.  The  carbonic 
acid  is  driven  off  by  the  heat,  the  bicarbonate  of  lime  decom- 
posed, and  the  carbonate  of  lime  immediately  precipitated.  The 
purified  water  contains  sulphate  of  soda,  and  a  quantity  of  the 
water  in  the  boiler  must  be  blown  off  at  intervals  or  the  water 
will  foam.  As  the  simplest  method  of  determining  the  amount 
of  sulphate  of  soda,  we  use  the  Beaume  hydrometer,  and  when 
the  test  is  above  three  degrees  we  find  we  must  blow  off  or  we 
get  foaming.  The  boilers  have  stayed  very  clean  indeed.  When 
we  started  this  process  we  had  as  much  as  half  an  inch  of  scale  in. 
three  months,  and  in  some  cases  the  boiler  tubes  were  almost  en- 
tirely closed  up.  It  became  necessary  to  do  something,  and  about 
ten  or  twelve  years  ago  we  designed  a  plant  for  the  purj^ose  of 
removing  the  impurities  from  the  water  before  feeding  it  into  the 
boiler,  which  is  the  most  satisfactory  manner  of  dealing  with  it. 
Before  that  time  there  were  various  compounds  presented  to  us 
for  use  in  our  boilers,  all  of  which  were  analyzed  (as  in  the 
course  of  our  business  we  analyze  all  the  substances  we  deal 
with),  and  we  found  a  majority  of  these  compounds  had  from 
75  to  90  per  cent,  of  soda  ash,  and  it  seemed,  therefore,  that  the 
soda  ash  was  the  only  ingredient  which  it  was  necessary  to 
use,  and  undoubtedly  it  is  the  best  for  the  purpose  and  the 
cheapest. 
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Tliere  are  a  great  raauy  substances  which  are  now  sohl  at  very 
liigh  prices,  which  are  of  no  vahie  whatever  for  the  puritication, 
because  they,  are  often  used  in  waters  which  have  no  impurities 
which  they  will  precipitate. 

A  Jlemh'/: — I  would  like  to  ask  the  member  where  his  boilers 
were  located,  and  what  style  of  boilers  he  referred  to. 

J/r.  E.  X.  Triuap. — Babcock  k  Wilcox  boilers,  which  we  are 
using  in  Syracuse. 

The  following  analyses  of  water,  before  and  after  purification, 
are  submitted  as  an  example  of  the  process. 

All  quantities  in  grams  per  1,000. 

Water  Water 

Before  Puritication.        After  Purification. 

CaS%  (Calciii  lu  Sulphate) 205  .  0405 

CaC'2  (Calcium  Chloride) 080  

CaHCa  (Calcium  Carbonate) .090  

MgC'a  (:Maguesiuiu) 060  .050 

MgHC%  (Magnesium  Carbonate) 004  

NaC  (Salt) 0<4  -164 

1^&S\  (Sodium  Sulphate) •  1007 

NaoC%  (Sodium  Carbonate) ■  -99 

The  purification  of  this  water  was  accomplished  by  adding  to 
the  impure  water  about  five  pounds  of  soda  ash  per  1,000  gallons. 
Only  about  three-fifths  of  this  is  theoretically  required  to  do 
the  purification,  and  the  balance  appears  as  excess,  but  we  have 
found  this  excess  necessary  to  produce  proper  precipitation  of 
the  impurities. 

J/y.  Samuel  M.  Green.— In  a  battery  of  Manning  boilers  of 
about  600  horse-power,  at  the  mills  of  the  Merrick  Thread 
Company,  Holyoke,  Mass.,  we  have  had  a  great  deal  of  trouble 
from  scale  forming  upon  the  tubes,  and  then  dropping  down 
upon  the  crown  sheet.  Many  kinds  of  scale  resolvent  have  been 
tried,  including  soda  ash,  kerosene  and  crude  oil,  but  it  has 
been  found  almost  impossible  to  keep  the  tubes  from  leaking. 
About  three  years  ago  an  electro-purifier  was  brought  to  my 
attention.  It  consists  of  a  series  of  copper  and  zinc  plates 
placed  in  an  upright  pipe.  The  feed-water  is  passed  up  through 
this  pipe,  and  comes  in  contact  with  the  zinc  and  copper  plates. 
It  was  found  necessary  to  keep  the  temperature  at  above  170 
degrees.  When  putting  in  this  purifier  I  did  so  with  a  great 
deal  of  misgiving,  but  it  has  since  proved  itself  reliable.  I  do 
not  think  that  its  action  upon  the  scale-forming  properties  in 
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tlie  water  has  been  explained,  l)ut  tlie  fact  remains  that  our 
boilers  have  been  free  from  scale  since  its  installation.  The 
scale,  instead  of  forming  hard  upon  the  boiler  surfaces,  is 
deposited  in  the  shape  of  mud,  which  is  blown  out  every  day. 
The  zinc  plates  in  the  purifiers  are  renewed  once  a  year,  at  a 
cost  of  about  ten  cents  per  horse-jDower. 

I  have  put  this  purifier  upon  several  plants,  in  one  case  par- 
ticularly where  the  water  was  from  an  artesian  Avell.  In  this 
plant  as  soon  as  the  purifier  ceases  to  act  the  boiler  imme- 
diately becomes  coated  with  scale.  As  long  as  the  zinc  plates 
are  active  the  boiler  is  kept  clean. 

Mr.  Randolph. — Would  the  speaker  be  willing  to  mention  the 
maker's  name  of  the  heater  and  purifier  of  which  he  sj)eaks  ? 

}[)'.  Green. — This  purifier  is  made  in  Hartford  by  the  Curtis- 
Hull  Manufacturing  Company.  It  was,  I  think,  originally  a 
Chicago  invention. 

The  zinc  and  copper  plates  are  in  the  shape  of  rings,  with 
fingers  projecting  towards  the  centre.  The  copper  plate  is 
simply  a  thin  sheet  metal,  the  zinc  plate  being  a  ring  about 
three  inches  long.  The  two  purifiers  we  have  are  about  ten 
inches  internal  diameter  and  are  each  about  five  feet  long. 

Prof.  R.  H.  Thurston. — What  becomes  of  the  solid  matter 
precipitated  ? 

J/r.  Green. — The  mud  which  is  precipitated  in  the  boilers  is 
blown  off  every  daj^,  and  the  boilers  are  washed  thoroughly 
once  in  two  weeks.  There  is  almost  no  hard  scale  except  that 
which  collects  upon  the  tubes — a  very  fine,  feathery  deposit. 

3fr.  Wm.  Kent. — I  saw  that  electric  purifier  at  the  Electrical 
Exhibition  in  New  York,  two  years  ago,  and,  after  hearing  what 
the  gentleman  had  to  say  who  was  advertising  and  selling  it, 
I  came  to  the  conclusion  that  it  was  a  humbug,  and  I  have  not 
yet  found  any  reason  to  change  that  conclusion.  There  is  a 
principle  laid  down  by  Herbert  Sjoencer  that  ever}^  cause  pro- 
duces more  than  one  effect,  and  every  effect  comes  from  more 
than  one  cause.  That  is  a  very  imj)ortant  thing  to  remember 
in  engineering.  When  one  puts  this  electrical  purifier  on  to  a 
boiler,  some  other  thing  took  place  at  the  same  time  which  did 
the  work  of  diminishing  the  scale,  and  the  so-called  electric 
purifier  itself  didn't  do  it.  It  was  a  change  in  the  blowing  off, 
or  in  the  water,  or  something  else. 

Mr.  Geo.  I.  Rochicood. — I  do  not  fullv  understand  Mr.  Kent. 
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He  is  full  of  paradoxes  at  this  meeting.  He  says  there  are 
humbugs  which  are  successes,  which  is  a  brilliant  paradox. 
But  facts  are  stubborn  things.  Now,  Mr.  Kent,  as  I  understand 
the  j)urport  of  liis  remarks,  takes  the  ground  of  the  man  who 
wanted  his  boat  painted  and  said  "  I  don't  care  what  color  you 
paint  it,  as  long  as  you  paint  it  red."  Mr.  Green  is  as  hard  a 
man  to  convince  of  the  truth  of  extraordinary  claims  as  any  one 
of  my  acquaintance.  What  does  he  say  his  experience  has  been 
with  tliese  purifiers?  He  states  that  his  boilers,  which  had 
been  covered  with  scale,  and  given  trouble  by  giving  out  at  the 
tubes  for  years,  were  rendered  clean,  and  kept  so,  by  simply 
changing  the  plant  in  one  respect ;  that  is,  by  adding  these 
purifiers.  Not  only  is  tliis  Mr.  Green's  experience,  but  it  is 
the  experience  of  several  others.  I  also  know  that  this  puri- 
fier has  been  unsuccessful  in  some  cases.  I  see  a  friend  here 
now  who  has  one  that  is  partially  unsuccessful,  if  not  totally 
so.  I  would  also  say  that  I  met  the  entertaining  salesman 
whom  friend  Kent  described  so  fluently,  and  I  may  say  I 
said  as  much  to  him  myself.  However,  I  think  that  we  en- 
gineers do  make  a  great  mistake  in  presuming,  as  we  often 
do,  that  we  have  the  whole  of  the  applicable  theory  of  any 
given  problem,  and  we  do  well  to  "  go  slow  "  in  stating  our 
positive  opinions. 

Prof.  B.  If.  Thurston. — I  am  reminded  of  a  device  for  such 
purification  of  boilers,  an  "  anti-incrustator,"  brought  out 
years  ago.  It  was  an  "electric  purifier,"  and  we  had  marvellous 
reports  of  the  results  of  its  application  in  various  directions — 
and  quite  as  marvellous  reports  of  the  things  it  did  not  do  in 
other  cases.  I  always  had  the  feeling,  although  without  per- 
sonal experience  in  the  matter,  that  there  was  something  in  the 
thing,  after  all ;  there  seemed  to  be  unquestionable  testimony 
of  its  efficiency  in  many  isolated  cases,  notwithstanding  the  fact 
that  it  still  more  frequently  failed.  Years  after  that  it  became 
customary,  in  the  management  of  marine  boilers,  to  introduce 
slabs  of  zinc,  and  the  French,  the  British,  and  our  own  navy 
have  been  accustomed,  now  for  years,  to  prescribe  the  introduc- 
tion of  slabs  of  zinc  into  their  boilers,  set  in  metallic  contact 
with  the  metal  of  the  boiler  itself.  That  makes  a  Voltaic  sys- 
tem, and  I  do  not  suppose  any  man,  to-day,  who  is  at  all  familiar 
with  that  sort  of  practice,  has  much  doubt  but  that  the  intro- 
duction of  zinc  has  proved  itself  to  be  often  very  valuable  ;  I 
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am  uot  at  all  sure  that  it  is  not  always  successful  where  it  is 
properly  used. 

Jlr.  Kent. — "What  is  it  used  for — to  prevent  pitting,  isn't  it? 

Professor  Thurston. — No  ;  it  seems,  for  some  reason,  which  I 
do  not  quite  understand,  to  prevent  the  sulphate  of  lime  coming 
down  in  the  form  of  liard  scale.  It  is  still  sulphate  of  lime,  but 
it  does  not  cover  the  heating  surface  with  incrustation ;  it  is 
not  hard  as  marble  or  harder,  as  is  often  the  ordinary  scale,  and 
it  is  easily  Avashed  out.  This  particular  device,  just  referred 
to,  is  one  with  which  I  am  not  familiar ;  but  it  is  evidently 
simply  a  device  for  the  introduction  of  zinc,  not  into  the  boiler, 
but  into  the  warm  feed-water  before  entering  the  boiler.  The 
presence  of  the  copper  may  not  be  of  the  slightest  importance, 
because  if  zinc  is  jolaced  effectively  in  contact  with  the  iron  of  the 
boiler  we  have  a  Voltaic  circuit — perhaps  not  as  effective,  j)er- 
haps  not  giving  as  high  difference  of  potential,  as  the  electri- 
cians say,  as  with  co]iper,  but  the  effect  would  be  the  same  in 
kind.  I  am  inclined  to  think  that  this  may  not  be  a  humbug, 
after  all. 

3Ir.  W.  F.  Durfee. — At  the  risk  of  being  voted  a  humbug  with 
a  great  deal  of  unanimity  by  our  sceptical  friend,  I  will  state 
some  experience  of  my  own.  In  1867  I  had  under  my  charge, 
among  other  boilers,  a  small  locomotive  boiler  of  ten  or  twelve 
horse-power.  We  were  using  the  water  of  Lake  Michigan  in 
that  boiler.  There  was  a  hard  scale  de2)osited  w^hich  gave  us 
a  great  deal  of  trouble,  and  some  one — I  do  uot  recollect  now 
who  it  was,  and  am  not  at  all  sure  whether  he  had  a  patent  on 
the  idea  or  not — suggested  that  we  get  a  small  battery  and  put 
this  boiler  in  the  circuit.  We  got  a  battery,  a  single  cell  holding 
about  a  quart — an  ordinary  battery,  zinc  and  copper  element ; 
nothing  unusual  about  it — and  connected  the  smoke  box  of  the 
boiler  with  one  Avire,  and  the  firebox  with  the  other.  (Laughter.) 
Now,  that  was  an  electrical  system  joure  and  simple.  There  was 
no  question  of  zinc  having  anything  to  do  with  the  water,  and  I 
can  testify,  at  the  risk  that  I  assumed  in  getting  up,  that  the 
scale,  or  the  material  of  the  scale  after  that  connection,  and 
while  that  battery  was  in  use,  instead  of  being  deposited  as  a 
hard,  adherent  solid,  difficult  of  removal,  was  precipitated  as  a 
mud  which  w^e  could  blow  out  and  wash  out. 

3Ir.  Gustavus  C.  Henning. — I  would  like  to  say  that  chemists 
have  very  carefully  explained  the  reason  why  an  electric  current. 
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in  tlie  presence  of  steam  generation,  will  or  will  not  permit  the 
production  of  hard  or  soft  scale;  that  is,  hard  scale  or  luud.     In 
waters  which  contain  certain  elements,  if  an  electric  current  of 
auvkind  is  introduced,  scale  cannot  form  because  crystallization 
cannot  occur  in  the  presence  of  this  electric  current.     Now,  the 
effect  of  this  copper  and  zinc  in  a  boiler,  instead  of  the  boiler 
itself  forming  the  positive  electrode  as  the  copper  would  do,  a 
better  current  is  established  than  in  case  of  the  ordinary  metliod 
of  introducing  zinc  into  boilers  referred  to  by  Dr.  Thurston. 
If  a  strong  current  be  established  the  boiler  imder  certain  cir- 
cumstances will  suffer  and  become  leaky  in  the  course  of  time. 
If  a  copper  electrode,  which  is  the  positive  one,  be  introduced, 
the  zinc  will  all  be  eaten  up  and  no  danger  will  come  to  the 
boiler.     This   battery  is  simply  more  powerful.     Now,  it  is  a 
well-known   fact  that   in   many  chemical   transformations   one 
result  will  be  produced  in  cold  water,  another  in  warm  water, 
and  totally  different  results  when  the  material  itself  is  affected 
by  an  electric  current,  either  surrounding  or  passing  through 
it  in  the  presence  of  heat ;  and  that  would  appear  to  be  the 
simple  solution  of  the  j)roblem  here.     A  battery  as  described, 
of  zinc  and  copper,  can  prevent  the  formation  of  a  crystalline 
structure  in  the  presence  of  the  right  sort  of  an  electric  current 
pissing  through  the  liquid  which  contains  the  materials.     Of 
course  if  the  water  does  not  contain  the  right  materials  or  some 
others  which  counteract  the  effect  of  the  current,  scale  will  form, 
or  there  will  not  be  any  deterrent  action,  but  in  conditions  like 
those  which  Mr.  Green  has  to  contend  with,  the  electric  current 
undoubtedly  does  the  very  thing :  it  prevents  the  formation  of 
crystalline  sulphate  or  carbonates,  and  allows  them  to  remain 
in  suspension  in  a  shape  in  which  they  can  be  blown  out ;  and 
I  think  that  what  Mr.  Green  said  is  entirely  so — that  he  has  a 
case  in  which  his  practice  bears  out  the  true  theory,  and  of 
course  those  w^ho  do  not  know  the  true  theory  might  say  that 
the  battery  or  device  used  is  a  humbug. 

21)'.  C.  L.  Neirromh. — Having  tried  one  of  the  Curtis-Hall 
Manufacturing  Company's  Electric  Automatic  Feed-Water  Puri- 
fiers, and  being  the  gentleman  at  whom  Mr.  Rockwood  seeniod 
to  be  looking  when  he  remarked,  "That  some  men  tried  tlio 
purifier  with  success  and  some  without,  "  I  feel  that  I  should 
add  my  experience  to  what  has  already  been  said  on  the  sub- 
ject.    At  the  suggestion  of  Mr.  Green,  I  located  one  of  these 
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so-callec]  electric  purifiers  in  tlie  feed-pipe  of  ray  boiler  plant, 
Avhicli  consists  of  two  SO-liorse-power  horizontal  fire-tube  boil- 
ers, carrying  ninety  pounds  gauge  pressure  of  steam.  Feed-water 
is  pumped  through  a  coiled  exhaust-steam  feed  water  heater, 
then  tlirough  said  rurifier.  The  j^urifier  receives  the  feed- 
water  at  about  200  degrees.  The  purifier  was  in  use  about  six 
weeks,  and  the  inside  of  the  boilers  was,  during  this  time, 
beautifully  Avhitewashed  by  the  deposit  which  the  purifier  did 
not  remove  from  the  water.  I  then  called  in  the  manufacturer 
of  the  purifier  for  advice,  and  he  explained  the  inactivitv  of 
the  purifier  by  saying  "It  was  on  wrongside  up,''  and,  on 
his  ad%4ce  and  assurance,  I  turned  it  over.  (Laughter.)  I 
could  not  see  what  difference  turning  it  upside  down  was 
going  to  make,  but  being  willing  to  give  it  all  the  chance  possi- 
ble, I  turned  it  over  and  used  it  again  for  about  six  weeks  or 
perhaps  two  mouths — long  enough  to  burn  out  the  tubes  of  a 
Lamprey  water  front  over  the  firing  doors.  The  inside  of  the 
boiler  continuing  to  be  beautifully  whitewashed  with  deposit, 
I  then  cut  the  purifier  out,  and  notified  the  manufacturer  that  I 
would  do  no  more  experimenting  with  the  purifier,  unless  he 
would  bear  the  expense,  which  he  would  not  do.  Therefore  my 
use  of  the  purifier  stopped,  and  my  direct  experience  ended. 

The  water  used  was  taken  from  an  artesian  well,  the  hygienic 
analysis  of  which  is  as  follow^s  : 

Hygienic  Akaltsis  of  Well  Watek  for  Deaxe  Steam  Pump  Company. 

The  water  coutains  in  1,000,000  grains  : 

Common  salt 6  grains. 

Ammonia 0.2  grains. 

Carbonates 11  grains. 

Lime  and  magnesia 9  grains. 

Nitrates A  trace  only grains. 

Lead None grains. 

Iron Trace grains. 

Remarks. 
Odor — none. 

A  spect — perfect. 

Conclusions. 
The  water  contains  : 

Sewage — none. 

Drainage  water — none. 

Surface  water — none. 

Hardness — 1  degree. 

Lead — none. 

Purity  (scale  for  alluvial  soil) — 98t  per  cent. 

General  character — an  excellent  water  ;  no  impurity  of  any  account. 


A   ^'ATER-1'UHIFVIXG    PLANT.  44^ 

It  is  interesting  to  notice  that  tliis  analysis  shows  a  good 
quantity  of  common  salt,  which  should  make  the  galvanic  action 
strong  and  the  purifier  eflficient,  according  to  the  manufacturer's 
statements. 

I  wish  to  say  that  Mr.  Green  has,  to  my  knowledge,  one  of 
these  electric  purifiers  on  a  plant  that  takes  its  water  from  a 
driven  well,  located  only  about  200  feet  distant  from  the  well 
from  which  I  took  the  water  for  my  experiments.  The  purifier 
on  this  plant  seems  to  give  fine  results. 

It  may  be  well  for  me  to  say  that  it  was  not  necessary  for  me 
to  use  the  well  water  for  my  boiler,  as  I  have  a  good  supply  of 
Connecticut  Kiver  water,  which  is  excellent  for  boiler  purposes. 
The  well  water  is  used  in  the  plant  for  drinking  and  other 
domestic  purposes,  and,  knowing  its  detrimental  qualities,  it 
offered  a  good  opportunity  to  make  the  experiment  with  the 
electric  purifier. 

Mr.  H.  H.  Suplee.—lu  this  connection  I  think  probably  Dr. 
Thurston  will  bear  me  out  in  recalling  that  one  of  the  earliest 
attempts  to  use  galvanic  action,  not  quite  in  the  same  manner, 
but  very  nearly  so,  Avas  that  made  by  Davy  to  prevent  the  cor- 
rosion of  the  outside  of  the  hulls  of  vessels.  Davy  made  some 
experiments,  and  showed  that  where  zinc  was  present^  a  circuit 
was  formed,  and  the  corrosion  would  be  transferred  to  the  zinc. 
I  believe  at  the  Eoyal  Institution,  in  London,  sheets  of  copper 
with  zinc  attached  are  still  shown. 

2lr.  John  T.  Hawkins. — It  seems  to  me  that  in  the  discussion 
of  this  question  a  provision  which  nature  itself  has  made  for 
cleaning  boilers  is  largely  lost  sight  of,  and  that  but  for  that 
provision  there  would  be  much  more  difliculty  in  keeping  boil- 
ers clean  where  a  deposit  of  the  salts  of  lime  is  concerned,  and 
I  think  that  most  engineers  who  will  refer  to  their  experience 
in  this  matter  will  bear  me  out.  We  all  know  that  carbonate 
of  lime  is  held  in  solution  in  water  because  of  the  presence  of 
carbonic  acid,  which  is  also  held  in  solution,  and  that  the 
amount  of  carbonate  of  lime  which  can  be  taken  up  or  dissolved 
is  somewhere  in  proportion  to  the  carbonic  acid  existing  in  the 
water,  and  the  amount  of  carbonic  acid  held  in  the  water  will 
be  somewhere  proportional  to  the  pressure  to  which  the  water 
is  subjected.  What  I  wanted  to  point  out  was  this  fact,  with 
which,  I  think,  engineers  will  generally  agree  :  that  such  boilers 
as  are  periodically  allowed  to  get  cold  and  become  relieved  of 
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pressure  "^ill  deposit  the  carhonate  of  limo  in  the  form  of  a 
powder  or  luud  in  the  bottom,  which  can  then  be  blown  off  when 
steam  is  again  raised,  and  that  nature  does  provide  for  that  very 
feasible  and  complete  way  of  keeping  boilers  clear  from  lime 
scale.  If  it  were  not  for  this  fact  we  would  find  these  lime  salts 
invariabl}'  deposited  as  a  crystalline  scale  upon  the  boilers, 
such  as  we  know  occurs  in  boilers  under  long  periods  of  steam- 
ing ;  and  in  no  case  where  boilers  are  periodically  allowed  to 
cool  down  at  comjjaratively  short  intervals,  and  thus  allow  the 
carbonic  acid  to  escape  from  the  water,  a  deposit  of  lime  salt  is 
made  in  crystalline  form  upon  the  beating  surfaces. 

The  rationale  of  these  processes  is  probably  something  as 
follows  :  With  the  lime  salts  in  solution  in  the  feed-water,  a 
boiler  may  be  steamed  under  a  given  pressure  without  dej^osit 
of  crystalline  scale  for  a  period  which  is  limited  by  the  water 
in  the  boiler  becoming  saturated  with  carbonic  acid  for  that 
pressure  and  temperature,  and  can  dissolve  no  more  of  the  lime 
salts  ;  after  which,  if  steaming  is  continued,  it  begins  to  be 
deposited  as  crystalline  scale  upon  the  surfaces.  If,  however, 
at  or  before  the  point  of  saturation  is  reached,  the  boiler  be 
allowed  to  cool  down  and  become  relieved  of  pressure,  the  con- 
tained carbonic  acid  escapes  in  the  gaseous  form,  and,  the  water 
being  unable  to  bold  lime  salts  in  solution,  the  latter  are  pre- 
cipitated and  settle  to  the  bottom  in  the  form  of  mud,  and  may 
be  ejected  through  tlie  bottom  blow-off. 

I  liave  wondered  if  some  of  the  supposedly  successful  scale- 
preventing  compounds  or  processes  do  not  owe  their  apparent 
success  to  the  fact  tbat  the  boiler  is  run  under  such  conditions 
that  scale  would  not  form  without  them,  and  whether  the  terms 
"  electric,"  and  other  attractive  names  applied  to  them,  are  not 
parading  in  borrowed  plumes. 

Mr.  S.  M.  Green. — Whether  the  apparatus  which  I  am  using 
is  a  "  humbug  "  or  not,  the  fact  remains  that  it  has  worked  very 
satisfactorily  upon  this  plant.  It  seems  hardly  fair  to  criticise 
anything  of  this  nature  until  one  has  had  practical  experience 
with  it.  Water  from  the  Connecticut  Eiver  is  used  in  this  plant, 
and  it  seems  that  it  must  be  the  same  from  year  to  year.  When 
the  zinc  in  the  plate  disintegrates  we  immediately  find  that 
scale  begins  to  form  in  the  boiler.  As  soon  as  new  zinc  plates 
are  put  in  the  scale  disappears.  I  think,  without  any  question, 
it  is  a  very  excellent  piece  of  apparatus  for  use  in  our  mills. 
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Whether  or  not  it  "will  work  in  all  localities,  I  cannot  say.  If 
I  can  bu}'  "  humbugs  "  which  will  work  as  well  as  this  one  does, 
I  am  always  ready  to  invest. 

Mr.  Jloward  Stilhium.^' — The  paper  under  discussion  was 
written  last  fall  after  the  plant  had  been  in  operation  a  year, 
which  period  of  time  seemed  proper  to  afford  a  reliable  descrip- 
tion of  its  practical  operation  and  effect  on  the  extremely  bad 
water  in  question.  On  looking  over  the  discussion  I  had,  at 
first  thought,  found  a  mare's  nest,  but  upon  further  considera- 
tion I  had  reason  to  believe  there  were  hornets  in  it  as  well. 

At  this  point  I  would  rise  to  explain  that  the  object  of  the 
paper  was  purely  to  offer  an  example  of  practical  operation  of 
th'^  water-treating  plant  for  what  information  it  might  convey, 
and  not  to  ride  a  hobby  into  a  peaceful  convention. 

I  would  most  heartily  concur  with  Mr.  Gary  in  his  remarks 
as  to  the  importance  of  the  purification  or  treatment  of  boiler 
waters  when  such  may  be  done  and  local  conditions  allow  a 
profit  in  the  operation.  The  older  countries  of  the  world 
have  been  doing  it  for  some  time,  and  the  "American  leth- 
argy "  will  pass  away  as  the  jirinciples  of  the  matter  are  better 
understood. 

Concerning  the  "  Clark "  or  "  Porter-Clark  "  reference,  I 
admit  partial  error  in  t'his  statement.  The  reason  was  that 
wlien  the  plant  was  put  up  we  were  not  sure  of  getting  clear 
water  as  an  outcome,  so  we  provided  as  part  of  the  system  two 
Porter-Clark  filter  presses  of  2,000  gallons  capacity,  each,  per 
hour  for  filtering  the  water  after  leaving  the  surface  of  the  second 
settling  tank.  These  filter  presses  proved,  however,  unnecessary, 
as  there  appeared  no  suspended  matter  for  them  to  collect,  and 
they  have  not  been  in  use  for  a  long  time.  For  a  jjeriod  of  over 
a  year  the  filter  cloths  have  not  been  renewed,  and  needed 
cleaning  but  once. 

As  not,  therefore,  forming  a  necessary  adjunct  to  the  jDlant 
no  reference  was  made  to  these  filter  presses  in  my  paper,  and 
I  only  allude  to  them  now  in  proof  of  my  statement  as  to  clear 
water  obtained  from  the  surface  of  the  second  settling  tank.  I 
hope  Mr.  Cary  will  inform  the  "  We  Fu  Go  "  organization  ( sounds 
like  of  Chinese  origin,  possibly  a  new  "  Tong")  that  such  is  the 
case,  and,  if  they  further  doubt  my  statement,  that  the  operation 

*  Author's  closure,   under  ilie  Rules. 
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is  still  in  progress  at  Port  Los  Angeles,  California,  where  they 
may  see  for  themselves. 

In  regard  to  a  variable  feed  from  the  chemical  tanks,  in  a 
general  way  the  criticism  is  a  natural  one,  but  local  conditions 
are  overlooked  by  Mr.  Gary,  as,  of  course,  he  would  not  know 
of  them.  The  steady  delivery  of  the  Dow  pump  at  this  water 
station  was  considered,  and  the  rate  of  feed  as  practised  is,  of 
course,  adapted  to  it  only.  As  working  entirely  under  pressure 
of  over  six  atmospheres  it  became  necessary  to  resort  to  com- 
pressed air  to  allow  the  chemicals  to  flow  from  the  feed-tanks 
as  explained. 

There  is  some  deposit  of  chalk,  etc.,  within  the  circulating 
tanks,  though  by  far  the  greater  part  is  carried  on  with  the 
rush  of  water  into  the  settling  tanks.  The  plant  had  been  in 
operation  over  a  year  before  it  became  necessary  to  clean  the 
circulating  tanks  out,  which  was  done  by  removing  wash  plugs 
placed  opposite  alternate  diaphragms.  These  wash  plugs  were 
overlooked  in  making  the  drawing  (Fig.  98).  Tanks  are  now 
washed  out  with  a  fire  nozzle  once  in  two  mouths.  When  wash 
plugs  are  removed,  the  inside  of  the  tanks  fairly  bristle  with 
soft  chalky  formation  adhering  to  stay  bolts  and  sides,  as  well 
as  to  the  top  and  bottom  sides  of  the  diaphragms. 

Mr.  Gary  refers  to  the  deposit  of  particles  of  lime  by  reason 
of  a  film  of  carbonate  forming  over  them,  rendering  the  portion 
underneath  inoperative.  There  is  no  evidence  of  such  deposit 
of  uncarbonated  lime  within  the  circulating  tanks.  I  was  pre- 
pared for  such  event,  in  my  first  experiments,  with  cream  of  lime 
in  bicarbonate  water  instead  of  the  prevailing  use  of  lime  in 
solution  only  (lime-water),  but  demonstrated  to  my  own  satis- 
faction in  the  laboratory  that  such  loss,  if  any,  was  very  small, 
and  did  not  figure  in  the  cost  of  the  process  considering  the 
greater  cost  of  more  elaborate  means  to  be  employed  in  making 
use  of  a  solution  of  lime  only.  The  undissolved  particles  of 
lime  oxide  seem  to  take  up  their  quota  of  carbonic  acid  as 
readily  as  if  in  solution  and  practically,  in  any  event,  effect 
their  purpose. 

If,  as  intimated  by  Mr.  Gary,  "  the  use  of  '  cream  of  lime  '  in- 
stead of  lime-water  is  contrary  to  all  other  experiments,"  the 
method  is  new,  which  I  had  anticipated,  and  was  one  reason  for 
submitting  my  paper.  The  lime  should  be  well  slaked.  We 
now  use  in  the  lime  tank  eight-tenths  of  a  pound  of  dry  lime  per 
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gallon  of  Tvater.  To  insure  an  easj-flowing  mixture,  the  liquid 
should  be  not  stronger  than  one  pound  per  gallon  of  water. 

There  has  never  been  any  indication  of  corrosion  from  the  use 
of  soda  ash,  either  about  the  plant  or  in  boilers  using  the  water, 
tliough  care  has  been  taken  to  avoid  excess,  not  from  danger  of 
corrosion,  but  because  locomotive  boilers  will  not  carry  alkaline 
carbonate  waters  and  do  very  hard  work  without  priming. 

As  to  the  quality  of  the  treated  water,  it  has  been  stated  in 
criticism  of  the  priucijjle  of  treating  boiler  waters  that  the  case 
in  instance  is  of  doubtful  utility,  because  the  purified  water  still 
contains  a-bout  one-fourth  of  the  scale-forming  solids.  The  nature 
of  this  matter  as  not  forming  scale  in  the  boilers  is  referred  to 
in  the  body  of  my  paper,  but  the  criticism  is  seemingly  absurd 
when  we  consider  the  matter  in  light  of  other  economic  propo- 
sitions, a  fundamental  axiom  of  which  is  "  a  half  a  loaf  is  better 
than  no  bread."  In  the  case  in  jDoint  we  have  shown  three 
quarters  of  the  loaf,  yet  the  process  is  quoted  as  of  "  doubtful 
utility."  As  a  general  proposition,  it  is  safe  to  assume  that  any 
manager  of  affairs,  engineering  or  domestic,  is  highly  elated  over 
any  proposition  which  nets  him  fifty  per  cent,  improvement  over 
existing  conditions,  and  that  I  would  j^lace  as  the  least  income  in 
saving  from  use  of  the  water-treating  plant  at  Port  Los  Angeles. 

It  should  be  borne  in  mind,  tliough  reference  has  not  before 
been  made  to  the  fact,  that  previous  to  placing  the  treating  plant 
there,  our  people  had  prospected  the  entire  region  for  better 
water,  but  without  success.  It  became,  therefore,  wliat  is  known 
in  the  West  as  "  a  ground  hog  case,"  to  do  something  with  the 
water  to  improve  its  qualit}'. 

Referring  to  the  analysis  given  of  the  treated  water  in  my 
paper,  the  chief  objection  to  it,  as  shown,  is  the  seven  or  more 
grains  of  carbonate  magnesia.  As  stated  in  the  text,  we  afterward 
found  that  by  the  use  of  two  pounds  of  lime  per  1,000  gallons, 
this  amount  was  reduced  to  about  three  grains  per  gallon. 

The  tendency  for  waters  containing  a  large  amount  of  magne- 
sium sulphate  to  hold  in  solution  carbonate  magnesia  to  a  certain 
extent  (whether  treated  with  "  cream  of  lime,"  or  lime-water,  to 
reduce  carbonates)  is  marked,  as  I  have  found  in  several  cases 
when  experimenting  with  other  waters,  and  the  complete  precipi- 
tation of  magnesia  is  difficult.  The  salts  of  calcium  are  much 
more  easily  reduced  and  eliminated. 

From  evidence  in  the  discussion  it  seems  to  be  the  opinion  of 
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some  engineers  that  all  that  is  necessaiT  with  the  use  of  bad 
scaling  water  in  boilers  is  to  reduce  the  scale,  or  prevent  its 
forming  within  them,  without  regard  to  the  disposition  of  the 
sludge  that  is  bound  to  form  in  place  of  the  scale. 

As  stated  by  Mr.  Randolph,  there  is  no  excuse  for  scale  in 
boiler  Nvaters,  though  why  it  is  not  better  to  settle  out  this  sludge 
in  a  suitable  place,  away  from  the  boiler,  is  not  to  me  apparent. 
Very  little  to  be  blown  or  washed  out  is  much  better  than  a  good 
deal  to  be  blown  or  washed  out,  whether  sludge  in  a  steam  boiler 
or  dirt  on  a  shop  floor. 

We  must  admit  that  the  matter,  however,  is  largely  one  of  cu- 
cumstauce  and  local  conditions,  whether  a  boiler  compound  (pro- 
portioned to  suit  the  water)  is  (in  stationary  practice)  of  value 
or  not.  Sometimes  they  are  undoubtedly  of  more  economic  value 
than  an  elaborate  purifying  plant.  On  locomotive  boilers  I  do 
not  think  boiler  compounds  are  ever  preferable  or  cheaper  than 
a  purifying  plant.  Generally  they  are  of  no  practical  value  in 
locomotive  service  for  reasons  referred  to  in  the  text  of  my  paper. 

There  is  a  great  field  for  profitable  work  in  the  purification  of 
boiler  waters,  and  further  hope  for  the  operation,  when  the  "  cure- 
all"  man  has  found  other  fields  to  labor  in,  when  the  quality  of 
a  boiler  water  is  considered  and  understood ;  again,  when  the 
matter  has  come  to  be  fully  considered  in  the  light  of  a  proposi- 
tion which  rests  on  business  principles  and  involves  economies  as 
well  as  the  other  difficulties  which  are  met  with  in  our  engineer- 
ing profession. 
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DCCLXIX.* 
THE  STEVENS  VALVE  GEAR  FOR  MARINE  ENGINES. 

BY   ANDKEW    FLETCHER,    HOBOKEN,    N.    J. 

(Member  of  the  Society.) 

It  lias  been  urged  upon  me  that  the  Transactions  of  the 
American  Society  of  Mechanical  Engineers  should  contain  some 
record  of  the  origin  and  introduction  of  the  form  of  valve  gear 
for  beam  engines  which  has  grown  to  be  so  general  in  the  side- 
wheel  practice  of  the  marine  engine-builders  of  the  eastern 
section  of  the  United  States,  and  of  which  the  firm  with  which 
I  am  connected  has  been  for  so  many  years  an  advocate. 

I  have  thought  that  this  vould  best  be  done  by  getting  from 
Mr.  Francis  B.  Stevens  a  communication  to  me  in  which  this 
history  should  be  included,  and  which  I  might  illustrate  by 
drawings  from  more  recent  practice.  Accordingly,  two  letters 
are  appended  herewith,  and  the  drawings  are  self-explanatory. 

I  ma}^  be  permitted  to  add  that  Mr.  Stevens  is  eighty-seven 
years  of  age,  and  is  still  an  enthusiast  upon  steamers  of  all 
kinds.  My  own  connection  with  his  form  of  valve  gear  began 
forty-four  years  ago,  with  my  first  connection  with  the  old  firm 
of  Fletcher,  Harrison  k  Co.  during  twenty-seven  years  ;  W,  & 
A.  Fletcher  for  three  years  ;  and  the  W.  &  A.  Fletcher  Co. 
for  the  past  fourteen  years. 

HoBOKEN,  N.  J.,  April  2,  1897. 
My  Dear  Mr.  Fletcher  : 

In  answer  to  your  request,  I  send  this  letter  in  relation  to  the  Stevens  cut-off. 

Previous  to  its  introduction  in  the  year  1840,  the  form  of  valve  and  valve  gear 
in  almost  universal  use  on  the  steamboats  navigating  the  rivers  and  bays  of  the 
Atlantic  coast  was  by  poppet  valves,  operated  by  a  single  eccentric  and  a  single 
rock  shaft,  the  admission  and  exhaust  of  steam  being  coincident.  Expansion 
was  effected  by  a  butterfly  valve  on  the  steam  pipe  worked  by  cams  on  the  shaft, 

*  Presented   at   the   New   York  meeting   (December,   1597)  of  the   American 
Society  of   Mechanical   Engineers,  and   forming   part   of   Volume   XIX.  of  the 
Transactions. 
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which  was  called  the  camboard  cut-off.  On  the  Jllississippi,  at  the  date  men- 
tioned, the  engines  were  the  same  as  at  present  in  use,  having  poppet  valves 
worked  by  cams  on  the  main  shaft. 

In  the  latter  part  of  the  year  1839  I  invented  the  Stevens  cut-off,  and  early  in 
the  year  1840  I  had  the  machinery  for  its  application  on  the  engine  of  the  steam- 
boat Albany  made.  This  vessel  was  owned  by  my  father,  and  the  machinery 
was  made  by  H.  R.  Dunham  &  Co.,  North  Moore  Street,  New  York,  where  you 
served  your  apprenticeship.     As  the  work  was  not  finished  until  after  the  open- 


From  F.  B.  Stevens'  Patent  Papers. 


Fig.  113. 


ing  of  navigation  on  the  Hudson,  I  was  unable  to  attach  it  to  the  engine  until 
the  following  August,  when  the  Albany  was  laid  up  for  repairs  at  Cold  Spring, 
opposite  West  Point.  And  in  the  interval  I  had  similar  machinery  of  smaller 
size  made  by  the  firm  mentioned,  and  put  in  operation  on  the  engine  of  the 
steamboat  Coliunbus,  owned  by  my  uncle,  Robert  L.  Stevens.  The  engine  of  the 
Albany  had  a  cylinder  G5  inches  in  diameter  and  9  feet  stroke.  That  of  the 
Columbus  was  40  inches  diameter  by  13  feet  stroke.  The  cut-off  as  first  applied 
was  essentially  the  same  as  at  present.  On  the  Albany  the  length  of  the  toes 
was  26  inches  and  the  lift  of  the  valves  was  5i  inches. 

On  submitting  to  my  uncle,  Robert  L.  Stevens,  my  model  of  the  cut-off,  made 
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on  a  scalo  of  U  inches  to  tbe  foot,  he  proposed  un  improvement,  by  substituting 
a  cog  wheel  for  the  arm  of  the  rock  sliuft,  l)y  which  a  greater  angiUar  motion  of 
the  rock  shaft,  and  consequently  a  shorter  cut-off,  could  be  obtained.  Wo  then 
agreed  to  take  out  a  patent  in  our  joint  names,  with  the  understanding  that  I  was 
to  Lave  complete  ownership  of  the  patent.  And  in  April,  18W,  I  made  the 
drawing  that  accompanied  the  patent,  a  copy  of  which,  on  a  reduced  scale,  I 
annex.  The  patent  was  granted  <m  the  25th  of  January  following,  the  claims 
being  as  follows  : 

1.   "  The  combination  of  an  additicmal  and  separate  eccentric  wheel  to  work  a 


Fig.  101. 


From  P.  B.  Stevens'  Patunt  Papers 


rock  shaft  to  raise  the  steam  valves  in  combination  with  any  of  the  several 
methods  hitherto  used  for  working  the  exhaust  valves. 

2.  "  The  manner  in  which  the  toes  are  affixed  to  the  rock  shaft  so  that  the 
shaft  is  made  to  vibrate  during  a  certain  interval,  without  either  toe  communi- 
cating motion  to  either  valve. 

3.  "  The  connection  of  the  cog  wheel  and  rack,  in  the  manner  set  forth,  for 
the  more  completely  effecting  our  object."  This  connection  was  never  used, 
being  found  unnecessary. 

The  pat(!nt  was  renewed  in  180,5  and  expired  in  1862.  Its  validity  was  never 
attacked,  and  none  of  its  claims  was  infringed  during  the  twenty-one  years  of  its 
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existence.  Since  it  expired,  separate  eccentrics  for  the  steam  and  exhaust  valves 
have  been  frequently  applied  in  combination  with  the  Sickles,  the  Allen,  and 
other  cut-offs. 

In  the  course  of  the  year  1840  I  applied  the  cut-off  to  the  engines  of  eight 
steamboats,  namely,  the  A/bani/,  (JolumhuH,  Rochester,  Dc  Wilt  Clinton,  ladepend- 
eiire,  Sirnn,  and  two  steamboats  on  the  Delaware  ;  and  shortly  afterwards  I  sold 
a  half-interest  in  the  patent  to  my  father,  James  A.  Stevens. 

In  the  year  1842  the  Stevens  cut-off  was  applied  to  the  engine  of  the  I  uiLed 
States  steamer  Fulton  the  Second,  and  afterwards  to  the  greater  portion  of  the 
paddle-wheel  vessels  of  war  of  the  United  States  Xavy. 

In  1845  it  was  applied  to  the  steam  frigate  Missis.nppi.  The  contract  for  it. 
made  by  my  father  and  myself  with  the  Xavy  Department,  required  that  the  cut- 
off should  be  made  adjustable  while  the  engines  were  in  motion.  To  effect  this, 
devices  made  at  the  works  of  H.  11.  Dunham  &  Co.  were  applied  to  quickly 
change  the  angle  of  the  toes,  the  position  of  the  arm  pin,  and  the  lead  of  the 
eccentrics.  This  vessel  was  the  flagship  of  Commodore  Perry's  squadron  on 
the  famous  expedition  to  Japan  in  1853-54.  And  Mr.  Daniel  B.  Martin,  after- 
wards Engineer-in-Chief  of  the  United  States  Xavy,  reported  that  this  adjustable 
cut-off  worked  perfectly  during  the  whole  cruise,  lasting  about  two  years.  The 
cut-off  has  been  made  adjustable  on  river  steamers  by  this  and  other  plans  ;  but 
the  advantage  gained  has  not  been  considered  equivalent  to  the  increased  com- 
plication of  the  machinery.  Previous  to  and  during  the  Civil  "War,  the  cut-off 
was  on  many  large  ocean  steamers. 

The  advantages  gained  by  the  Stevens  cut-off  over  tlie  camboard  cut-off  were  : 
Firstly,  the  saving  of  a  portion  of  the  steam  in  the  space  between  the  butterfly 
valve  and  the  main  valves  ;  secondly,  the  use  of  two  eccentrics  allowed  the  lead 
of  the  exhaust  valve  to  be  greatly  advanced,  by  which  a  quicker  exhaust  was 
obtained,  and  also  the  reversal  of  the  strain  on  the  piston  at  the  end  of  the  stroke 
was  more  gradual  and  with  less  jar  on  the  bearings. 

The  Stevens  patent,  whether  under  the  combined  first  and  second  claims  or 
under  the  first  claim  alone,  can  be  said  to  have  been  in  universal  and  exclusive 
u.se  on  all  beam-engine  paddle-wheel  steamboats  in  the  United  States  since  the 
expiration  of  the  patent  thirty-five  years  ago. 

Of  late  years  the  substitution  of  the  screw,  with  its  quick-moving  engine  and 
slide-valve,  has  superseded  the  paddle  and  poppet  valve  on  the  ocean  ;  and  also  in 
great  part  on  the  rivers  of  the  Atlantic  coast,  and  on  the  great  lakes. 

I  add  the  following  account  of  the  early  use  of  the  expansion  of  steam  and  of 
the  valves  used  on  the  Atlantic  seaboard. 

AVatt,  the  creator  of  the  steam  engine  for  u.ses  other  than  pumping,  was  the 
first  to  conceive  the  idea  of  utilizing  the  expansive  action  of  steam  in  the  cylinder 
when  cut  off  from  the  boiler,  and  proposed  it  in  a  letter  to  Dr.  Small  in  1769 
(see  Farey's  Treatise  on  the  Steam  Engine,  London,  1837,  page  339j.  He  was  ahso 
the  first  to  put  the  idea  in  operation,  which  he  did  at  the  Shadwell  "Water  V^orks 
in  1778  (Farey,  page  341).  He  patented  the  application  of  this  principle  in  his 
third  patent,  dated  March  12,  1782,  and  in  the  specification  and  drawing  clearly 
and  beautifully  illustrated  by  a  diagram  the  principle  of  expansion  (see  Farey, 
page  347).  He  thereafter  applied  this  principle  to  all  of  the  single-acting  pump- 
ing engines  that  he  made,  cutting  off  the  steam  by  the  main  steam  valve,  and  at 
from  one-half  to  two-thirds  of  the  stroke  of  the  piston  on  the  downward  stroke, 
the  pressure  on  each  side  of  the  piston  being  in  equilibrium  on  the  upward  stroke 
(Farey,  page  352). 
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But  .iltUougb  Wiitt  invented  and  patented  the  double-acting  rotative  steam 
engine  in  his  second  patent,  dated  25th  of  October,  1781,  and  althougli  he  made 
many  of  tliese  engines,  of  many  different  sizes,  and  was  in  fact  the  onlv  maker 


Fig.  104.— Engine  Front,  Steamer  "Nkw  Tokk,"  Hudson  Rivek  Day  Line. 


of  them  in  the  world  during  the  long  perio<l  that  elapsed  between  their  introduc- 
tion and  the  expiration  of  his  extended  patent  in  the  year  1800,  he  never  used 
steam  expansively  on  a  rotative  engine  (see  Farey ,  note  a,  at  the  foot  of  page  487). 
The  engine  that  Fulton  bought  from  Watt  in  1805-6,  and  which  he  placed  on  the 
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C/erinont  in  1807,  was  opcrati'd  \>y  Watt's  liaiid  i^car,  as  shown  on  I'latc  XIII.  (if 
Farov's  Ttradxc. 

It  was  very  ingenious,  but  complicated,  made  almost  entirely  of  stocl  tempered 
blue,  aiul  was  ojierated  by  tai)pets  and  detents.  No  modification  of  Watt's 
hand  gear,  to  enable  it  to  cut  off  the  steam  on  a  rotative  engine,  was  ever  made  by 
liim  or  by  olliers.  Tbc  engines  of  all  the  numerous  vessels  that  Fulton  built 
were  copies  of  the  one  he  bought  from  Watt. 

When  about  eleven  years  of  age  I  frequently  saw  the  steamboats  Fir<'  Fly  and 
Lady  Richmond,  built  by  Fulton.  Their  speed  was  about  four  and  a  half  miles 
an  hour.  I  also  frequently  saw  ^Watt's  hand  gear  in  operation  ;  and  remember  on 
one  occasion  seeing  the  detents  fail  and  the  engine  instantly  stopped.  No  lead 
coukl  bi-  given  by  the  hand  gear  ;  and  the  cranks  were  carried  past  the  centres  by 


Toes  and  Wipers  for  Stevens  Cut-Off, 

Steamers  Albany  and  New  York. 

Hudson  Kivor  Day  Line. 


Fig.  105. — Engink  Unhooked — Valves  on  Seat, 

a  flywheel.  All  of  Fulton's  steamboats  had  flywheels  geared  two  to  one,  thus 
increasing  the  force  of  momentum  fourfold. 

In  the  year  1814  Robert  L.  Stevens  built  the  steamboat  Philadelphia  on  the 
Delaware,  the  engine  having  Watt's  hand  gear.  And  in  the  year  1817  he  in- 
vented the  camboard  cut-off,  previously  mentioned,  and  attached  it  to  this  engine 
as  a  separate  cut-off.  This  was  made  by  a  butterfly  valve  placed  on  the  steam 
pipe  at  its  junction  with  the  steam  chest,  and  operated  by  two  cams  on  the  main 
shaft,  pressing  against  the  camboard  and  connected  to  the  butterfly  valve,  and  to 
a  strong  spring  on  its  arm  by  a  rod  about  half  an  inch  diameter.  The  length 
of  the  cut-off  corresponded  to  that  of  the  cams,  and  the  motion  was  exceedingly 
rapid.  He  at  the  same  time  increased  the  pressure  from  2|  to  10  pounds  per 
square  inch.  This  cut-off  was  very  successful  and  remained  in  use  on  all  low- 
pressure  steamboats  in  this  country  long  after  the  hand  gear  of  Watt  had  been 
supei'seded  by  the  eccentric  of  Murdock,  and  up  to  the  introduction  of  the 
Stevens  cut-off  in  1840.  Yours  truly, 

Mr.  Andrew  Fletcher.  Francis  B.  Stevens. 
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Toes  and  W'ipors  for  Stevens  Cut-Off, 

Steamers  Albany  and  New  York. 

Hudson  River  Day  Line. 
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Fig.  lOG. — Engine  on  Ckntrk. — Showing  Lead  and  Pt)siTiON  op  WirEU. 


Toes  and  Wipers  for  Stevens  Cut-Otl, 

Steamers  Albany  and  Kew  York. 

Hudson  Kiver  Day  Line. 


Position  of  wipers  showing  fnll  lift  of  valves. 
FiO.  107. 


456 


THE   STEVENS   VALVE   GEAR   FOU   MARINE   ENGINES. 


IIouoKEN,  N.  J.,  April  2,  1897. 

]\Iy   DeAU   ]\IU.   FLETCIIKIt  : 

I  also  send  tho  fo:i()\vin,<?  account  of  tlio  eccentric,  doriving  its  motion  from  the 
shaft  which  siiixM-scdcd  tin;  ]>Iu<j:  tree,  tappets,  and  detents  of  Watt,  and  was 
applicable  alike  to  i>oppi't  and  slide  valves  ;  and  also  add  an  account  of  the  slide 
valve. 

These  were  both  patented  by  William  ]\Iurdock,  the  foreman  and  partner  of 
Watt,  in  1799.  The  D  si  de  is  shown  on  Plate  XVI.  of  Farey  ;  and  in  another 
form,  now  ircnerally  used,  by  Fenton,  Murray  &  Co.,  on  Plate  XVIII. 

A  notable  circumstance  in  regard  to  the  slide  valve  is  that  up  to  the  year 
1838,  although  it  was   then  in   universal   use  on  the  locomotives  and   marine 


This  cut-ofT  was  made  for  a  propeller 
engine  making  80  revolutions  per 
minute. 


Iligh-spfed  wiflers  are  shaped  .^lightly 
different  from  ordinary-speed  wipers. 


Fig.  108. 


engines  of  England,  and  also  on  the  locomotives  of  this  country,  it  had  only  suffi- 
cient lap,  or  cover,  as  it  was  then  called,  to  prevent  the  steam  from  blowing 
through  the  cylinder.  The  Chevalier  De  Pambour,  in  his  famous  treatise  on 
the  English  locomotive  iu  1836,  gives  a  drawing  of  the  valves  then  in  use  on 
them,  showing  little  or  no  lap  ;  and  although  lie  writes  very  fully  on  the  lead, 
he  makes  no  mention  whatever  in  his  treatise  of  the  lap  or  of  its  effect. 

In  the  year  1838  the  eighteen  locomotives  of  the  Camden  &  Amboy  R.R.  had 
one-sixteenth  of  an  inch  lap.  In  the  same  year  the  steamer  Great  Wcstcrii  made 
her  first  passage.  Her  engines  had  the  D  slide,  with  little  or  no  lap,  and  carry- 
ing two  and  a  half  pounds  pressure  per  square  inch.  She  had  a  separate  cut-oflf 
valve  somewhat  like  the  camboard,  but  it  was  never  used,  the  low  pressure  of 
steam  rendering  it  almost  useless. 

I  have  not  met  with  an  account  in  any  publication,  up  to  the  year  1838, 
describing  increased  lap  either  in  text  or  drawings. 

The  link  motion  was  applied  to  the  slide  valve  about  that  date.     And  in  con- 
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junction  with  it,  in  the  course  of  few  years,  the  lap  was  gradually  increased  to 
its  present  extent,  both  liberating  the  exhaust  in  advance  of  the  admission  of 
steam  and  forming  the  efficient  expansion  gear  in  use  on  locomotives  and  screw 

steamers. 

Yours  truly, 

Francis  B.  Stevkns. 

Mr.  Andrew  Flktciier. 

Our  practice  with  the  Stevens  cut-off  has  included  its  instal- 
lation on  over  two  hundred  steamers,  new  and  old  and  large 
and  small.  We  ascertain  the  amount  of  work  required  of  the 
engine,  and  the  necessary  steam  pressure,  and  then  set  the  cut- 
off to  suit.  With  the  fixed  cut-off,  the  owner  need  only  notify 
his  engineer  of  the  steam  pressure  to  carry  with  throttle 
valve  wide  open.  This  plan  gives  a  steadier  and  more  regular 
running  of  the  boat  upon  its  time  table  than  will  be  secured 
from  an  adjustable  cut-off,  unless  in  competent  hands. 

Not  long  since  the  writer  was  upon  a  steamer  in  New  York 
harbor,  for  which  we  had  made  a  new  cylinder  and  engine  front 
in  1855,  and  had  then  applied  the  Stevens  gear.  It  remains  in 
good  working  order,  and  has  given  no  trouble.  With  very  fast- 
running  engines,  the  wipers  are  made  slightly  different  in  shape, 
and  we  put  springs  on  the  lifting  rods  to  force  the  toes  to 
follow  down  the  wipers.  We  have  never  had  any  trouble  to 
make  tlie  cut-off  work  satisfactorily. 

I  do  not  wdsh  to  be  understood  as  opposing  adjustable  cut- 
off »ear.  We  have  made  and  fitted  a  large  number  of  engines 
with  Sickels  dash-pot  cut-off  with  adjustable  g§ar  with  most 
excellent  results.  But  there  are  often  advantages  in  having  so 
simple  an  arrangement  as  the  Stevens  cut-off — to  increase 
speed,  increase  pressure  ;  to  decrease  speed,  reduce  pressure,  or 
regulate  throttle  valve. 

DISCUSSION. 

3Ir.  Geo.  I.  Rockioood.—V&r\\Q.-^^  it  would  be  almost  impertinent 
in  me  to  discuss  this  paper  from  a  technical  standpoint,  and,  in- 
deed, I  do  not  care  to  discuss  it  exactly,  but  it  suggests  something 
to  my  mind  which,  perhaps,  I  miglit  l)e  allowed  to  present  in  con- 
nection with  it.  Tlie  poppet  valve  has  always  been,  as  everybody 
knows,  a  favorite  form  of  valve  on  such  engines.  The  poppet 
valve  has  been  given  a  bad  name  in  America  by  most  stationary 
engineers,  largely  for  reasons  disconnected  with  technical  con- 
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sidorations,  but  oue  importaut  teclinical  reason  is  that  it  does 
not  give  a  sharp  cut-off.  The  poppet  valve  must  be  lowered  to 
its  seat  carefully,  otherwise  it  will  "  bring  up  "  with  a  bang.  In 
one  form  of  valve  gear  that  I  have  had  to  do  with,  there  is  no 
dash-pot  provided  for  the  cut-off  valve,  but  it  is  lowered  to  its 
seat  by  a  cam  ;  hence  the  cut-off  is  very  gradual,  and  in  the  case 
of  the  low-pressure  cylinder  of  a  compound  engine  having  this 
valve  gear,  the  cut-off  cannot  be  discerned  on  the  diagram  at  all. 
So  I  devised  a  modification  of  the  valve,  which  may  be  old,  but 
is  not,  so  far  as  I  know,  designed  to  give  a  sharp  cut-off.  It  is 
not  generally  known  that  the  poppet  valve  may  give  as  sharp  a 
cut-off  as  the  Corliss  valve.  What  I  did  was  to  unite  the  piston 
valve  with  the  poppet  valve,  providing  a  cup  at  the  seats  about 
an  eighth  of  an  inch  deep,  into  which  the  poppet  valve  might  fall, 
but  finally  stopping  on  its  seat.  If  there  is  not  virtue  in  the  fit 
of  the  pistons,  then  we  can  rely  on  the  virtue  that  is  in  the  fit 
of  the  faces  of  the  poppet  valve.  It  works  nicely  without  a  dash- 
pot,  as  fast  as  125  turns  a  minute. 

Mr.  L.  R.  Pomeroy. — A.t  one  time  the  boats  of  the  Union  Ferry 
Co.,  equipped  with  beam  engines,  had  a  detachable  connection 
between  the  cams  of  the  exhaust  and  the  steam  lifters,  which 
would  hold  the  steam  valve  open  longer,  or  making  the  engine 
follow,  practically^  full  stroke.  This,  we  understood,  was  for 
emergency  purposes  only,  such  as  working  in  heavy  ice,  etc. 
Noticing  that  recent  engines  of  this  type  were  not  so  equipped, 
raised  the  query  in  my  mind  as  to  the  supposed  value  and  reasons 
for  doing  away  with  such  attachments. 

Mr.  Fletcher. — We  have  not  put  gags  or  trippers  on  our  engines 
for  many  years.  When  we  are  allowed  to,  we  always  arrange  to 
have  a  surplus  of  power  over  that  needed  in  ordinary  work.  If 
the  gags  are  not  regulated  properl}^  due  to  the  difference  in  the 
leads  and  lifts  of  the  steam  and  exhaust  valves,  a  great  deal  of 
trouble  could  be  produced  very  easily,  valves  would  not  seat 
properly,  and  the  gags  would  be  a  detriment  rather  than  a  benefit. 
They  require  intelligent  regulation.  Mr.  Stevens  has  always  been, 
opposed  to  them. 

Mr.  John  C.  Kafer. — I  think  that  this  paper  is  well  worthy  of 
record  in  the  proceedings  of  this  Society,  as  it  gives  a  history  of 
the  cut-off  mechanism  of  the  beam  engine,  a  type  of  engine  which 
is  particularly  American.  The  lost  motion  in  this  cut-off  gear 
corresponds  to  the  lap  on  a  slide  valve.     In  reference  to  what  the 
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speaker  has  just  said  about  sharp  cut-offs,  we  who  deal  with 
marine  engines  do  not  place  much  dependence  on  making  a  sharp 
cut-off.  I  do  not  see  any  advantage  in  it.  There  is  no  difl&culty 
in  lowering  a  valve  showly  to  its  seat.  We  can  lower  it  quite  as 
easily  without  a  dash-pot  as  with  it.  Eeferring  to  the  dash-pot, 
whicii  the  last  speaker  mentions,  McKay  &  Aldus  built  a  little  vessel 
with  a  dash-pot  somewhat  similar.  Sometimes  it  dropped  in  the 
water  and  sometimes  it  did  not.  It  was  a  single  eccentric  oper- 
ating both  exhaust  valves  and  steam  valves,  so  that  the  valve 
would  have  to  drop  from  its  highest  j^oint  and  would  not  follow 
farther  than  half  stroke  or  full  stroke.  If  the  cut-off  were  thrown 
out  altogether,  it  would  have  to  follow  full  stroke.  The  record  we 
have  placed  here  is  something  I  have  never  seen  before.  I  have 
always  wanted  to  know  something  about  the  early  history  of  the 
Stevens  cut-off,  and  I  am  very  much  pleased  to  know  that  Mr. 
Fletcher  has  placed  it  on  record  in  this  paper.  I  think  that  no 
criticism  can  be  made  on  the  Stevens  cut-off,  because  its  practical 
application  for  the  last  sixty  years  or  more  has  demonstrated  it 
fully,  and  I  think  that  the  newer  plans  Mr.  Fletcher  has  shown 
are  simply  a  modification  of  the  old  ones.  As  to  the  gags  of  the 
cut-offs  that  we  used  to  have  on  low-pressure  engines,  it  is  neces- 
sary there  sometimes  to  work  up  to  a  larger  power,  but  they  are 
not  so  much  used  now,  because  the  boilers  are  too  small.  The 
steam  in  the  boilers  wouldn't  last  more  than  about  two  strokes. 
Now  we  can  work  off  all  the  steam  without  the  gags  on  the  cut-offs. 

3£r.  Win.  Kent.—l  would  like  to  ask  Mr.  Kafer  if  he  can  use 
that  cut-off  at  the  speeds  spoken  of  by  Mr.  Kockwood,  up  to  125 
a  minute,  say. 

Mr.  Kafer. — I  have  known  it  to  reach  as  high  as  120,  but  it 
is  not  practicable ;  you  must  have  a  spring  on  top  of  the  valve. 
The  steamers  Hudson  and  Knicherhocher  had  a  cut-off  with  a 
poppet  valve  and  a  detaching  apparatus.  The  detaching  appa- 
ratus will  not  work  quite  as  quickly  as  the  Stevens  cut-off.  You 
can  run  a  gi-eater  number  of  revolutions  with  the  Stevens  than 
with  the  detaching  apparatus.  There  are  other  reasons  why  some 
other  device  is  a  little  better  to  accomplish  the  purpose, 

Mr.  Fletcher. — I  am  sorry  that  Mr.  Stevens  is  not  here  this 
morniug,  because  he  is  a  good  talker  and  very  interesting,  and 
he  could  tell  you  about  many  experiments  which  he  tried  with  both 
short  and  long  cut-offs  under  various  pressures  of  steam.  The 
experience  we  have  had  with  the  Stevens  cut-off  has  been  very 
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satisfactory,  and  we  have  never  found  any  trouble  with  it.  When 
we  know  what  work  the  boat  is  required  to  do,  we  set  the  cut-off, 
and  set  it  for  the  given  pressure  of  steam  that  they  wish  to  carry; 
then  there  is  no  trouble  whatever  in  doing  the  work  and  doing  it 
well.  It  is  very  simple  and  substantial  and  lasting.  I  can  talk  of 
Stevens  cut-offs  being  in  use  for  over  forty  years — and  that  they  are 
good  yet,  showing  it  is  really  a  good  valve  motion.  We  have  had 
some  experience  where  we  have  tested  between  adjustable  cut- 
offs and  fixed  cut-offs,  and  although  I  have  no  fault  to  find  with 
adjustable  cut-offs,  for  I  like  the  Sickles  cut-off,  yet  I  have  seen 
better  performance  with  the  Stevens  cut-off  set  about  half  stroke, 
or  less  or  over,  depending  on  what  was  needed  for  the  power, 
than  when  we  had  the  adjustable  cut-off.  The  reason  was,  I 
think,  that  the  engineer  did  not  handle  the  latter  right.  I  have 
had  to  do  with  hundreds  of  engineers,  and  some  of  them  are  very 
careless  how  they  liandle  the  cut-offs,  so  that  instead  of  working 
more  economically  with  the  adjustable  cut-off,  it  has  been  the 
other  way  in  many  cases.  I  could  mention  cases  where,  taking 
the  adjustable  cut-off  out  and  putting  in  a  fixed  cut-off,  better 
results  have  been  obtained  with  it. 

Mr.  Geo.  N.  Comly. — I  would  like  to  ask  how  high  steam  pres- 
sures are  used  in  connection  with  the  cut-off. 

Mr.  Fletcher. — With  the  ordinary  low-pressure  boats  it  is  gen- 
erally around  fifty  pounds  for  maximum,  and  for  ordinary  work  or 
schedule  time  about  thirty-five  pounds  of  steam,  bat  if  it  is  applied 
to  a  compound  engine,  which  we  have  done  very  easily,  we  carry 
as  high  pressure  as  we  like.  The  very  first  compound  beam  engine 
that  we  built  had  the  Stevens  cut-off  on  both  the  high  and  the 
low  pressure  cylinders,  and  it  works  to  perfection  as  far  as  we 
know,  and  gives  good  satisfaction.  I  might  as  well  state  that  the 
boat  we  put  the  engine  in  is  the  City  of  Fall  River,  a  freight 
boat  running  between  Fall  Eiver  and  New  York.  The  steamboat 
company  were  well  pleased  with  her,  and  soon  after  they  decided 
to  build  a  second  boat,  and  gave  us  the  order  for  the  engine.  They 
wanted  the  same  size  of  engine  and  same  kind  of  boilers,  and 
everything  we  thought  would  be  the  same.  But  soon  after  we 
had  contracted,  Mr.  Sickles  called  to  see  us.  He  at  that  time  had 
no  business  in  hand  and  was  well  acquainted  with  some  of  the 
Fall  River  Steamboat  people,  especially  with  one  of  the  largest 
stockholders,  and  he  was  very  anxious  to  have  the  Sickles  cut-off 
put  in  the  new  boat,  the  City  of  Brockton.     We  made  no  objec- 
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tioD,  because  we  liked  it,  and  we  thought  it  woukl  be  a  fioe  place 
to   try  an  adjustable'  dash-pot  cut-off  on   a  compound    engine. 
Mr.  Sickles  told  this  gentleman,  the  large  owner,  that  if  he  put 
his  cut-off  on  the  Brockton,  being  the  same  sized  engine  as  the 
City   of  Fall   Biver,  that   she    would    do   the   same    work  with 
twenty  per  cent,  less  fuel.      Mr.  Sickles  wanted  to  carry  twenty 
pounds  more  pressure  than  the  Fall  Biver,  and  alter  the  cut-off 
to  suit.     We  got  the  order  for  the  Sickles  cut-off,  and  Sickles 
furnished  us  the  drawings  for  all  the  details  of  the  cut-off*,  and 
paid  a  great  deal  of  attention  to  its  manufacture.    He  was  on  hand 
a  great  part  of  the  time  when  we  were  erecting  the  engine  in  the 
boat ;  was  there  the  first  time  we  got  steam  at  the  dock,  and  then 
on  the  trial  triji,  and  also  on  the  first  trip  from  Fall  Eiver  to 
New  York,  and  was  quite  pleased,  but  he  was  called  out.  of  town 
soon  after.     After  the  boat  had  run  for  about  a  week  or  so,  I  had 
a  talk  with  the  chief  engineer,  and  told  him  that  we  had  been 
paying  particular  attention  to  the  quantity  of  fuel  she  was  burn- 
ing.    She  was  runniug  well  and  making  about  twenty  minutes' 
quicker  runs  than   the  Fall  Biver,  but  she  was  burning  a  great 
deal  more  coal ;  and  I  told  him  what  Mr.  Sickles  said :  that  he 
was  going  to  save  twenty  per  cent,  on  fuel.     I  said,  "  We  will 
have  to  get  you  to  come  down  on  the  fuel,  because  Ave  have  got 
to  please  the  company."     He  said  there  had  been  no  fault  found 
with  him.    At  the  same  time  I  said,  "  It  is  all  very  well  for  you  to 
run  a  week  or  so  fast  and  get  a  good  name  for  the  boat "  ;  but 
advised  him  to  reduce  his  cut-off  and  study  fuel  economy,  and  he 
said  he  would.     But  he  did  not  come  down  for  a  long  time.     We 
talked  to  him  a  great  many  times  about  his  burning  more  coal 
all  the  time,  when  he  should   be    burning  less,  there  being  a 
great  deal  in  the  theory  of  short  cut-offs  and  high  steam.     I 
am  telling   all  this  because  I  wanted  to  say  that  they  did  not 
handle  the  adjustable  cut-off  right.    He  had  run  for  three  months' 
time,  when  I  sent  my  son  Andrew  to  make  a  trip  on  the  boat,  and 
he  took  indicator  cards  and  figured  the  horse-power  developed, 
and  proved  to  the  engineer  that  he  was  using  more  power  than 
was  needed  to  make  his  time,  and  that  he  was  burning  about 
twenty  per  cent,  more  fuel  than  he  should,  and  that  we  would 
have  to  correct  that.     My  son  set  the  cut-off  adjusters  on  the 
boat   so   that  she  developed  the  same  horse-power  as  the  Fall 
Eiver  and  she  then  came  down  to  the  same  fuel,  and  ran  a  few 
minutes  faster  even  then — four  or  five  minutes  faster  than  the  other 
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boat — but  that,  we  consideiecl,  was  due  to  a  little  change  in  the 
model  of  the  boat.  I  could  tell  of  other  steamers  the  same  way, 
in  which  we  changed  from  the  adjustable  cut-off  to  the  Stevens  cut- 
off and  had  better  results.  At  the  same  time  I  am  a  great  believer 
in  an  adjustable  cut-off.  I  believe  in  many  cases  it  is  necessary; 
I  could  tell  of  places  where  we  have  used  it.  When  we  built  the 
big  Frisci/la's  engines  we  put  the  Sickles  cut-off  on  the  high- 
pressure  cylinders,  and  the  Stevens  cut-off  on  the  low-pressure 
cylinders.  They  could  and  can  gauge  her  nicely  to  a  fraction  by 
just  regulating  the  quantity  of  steam  for  the  high-pressure  cylin- 
ders. If  they  want  twenty-one  turns  or  twenty-two  turns  or 
twenty-three  turns  per  minute,  they  have  only  to  regulate  the  cut- 
off on  the  high-pressure  cylinders.  We  were  particular  to  get  that 
right.  I  might  tell  also  how  they  ran  steamboats  on  the  necessary 
time  by  changing  the  cut-off.  On  the  Hudson  River  the  steamboat 
Armenia  was  a  good,  fast  boat.  She  had  a  Stevens  cut-off,  and 
after  some  years  the  owner  had  an  adjustable  attachment  put  on 
her  valve  gear,  so  that  she  could  cut  off  a  little  short  of  half  stroke 
or  up  to  about  three-quarters  of  the  stroke.  She  was  afterwards 
bought  by  Mr.  Alfred  Van  Sautvoord,  who  is  the  present  owner  of 
the  Hudson  Eiver  Day  Line,  and  he  put  her  on  the  route  to  Pougli- 
keepsie,  and  thought  that  she  would  do  her  work.  She  made  very 
irregular  time  and  he  w^as  not  pleased  with  her,  and  it  was  neces- 
sary to  drop  two  of  lier  landings,  Cornwall  and  Milton.  She  did 
not  make  her  time  even  then,  and  he  was  displeased.  He  told 
me  that  he  wanted  me  to  make  a  trip  on  that  boat  to  Poughkeep- 
sie  and  back  again,  and  to  notice  just  how  they  ran  her,  but  not 
to  say  a  word  to  the  engineer  or  to  the  fireman  or  captain,  or 
to  any  one,  why  I  was  on  the  boat.  He  said  he  did  not  like  the 
adjustable  arrangement  for  fear  that  the  engineer  was  fussing  too 
much  with  it.  I  made  the  trip,  and  that  was  just  what  I  found. 
The  engineer  kept  steam  up  to  about  forty  pounds,  and  he  would 
watch  his  gauge  a  good  deal.  If  steam  was  going  down  he  would 
cut  her  off  short;  if  going  up  he  would  follow  farther,  but  he  would 
say  nothing  to  the  fireman.  I  said  not  a  word  to  him ;  but  when 
we  returned  I  told  Mr.  Van  Santvoord  how  she  ran  and  what  time 
she  made,  and  all  about  it,  and  he  told  me  to  take  out  all  the 
traps  and  throw  them  overboard,  and  set  the  Stevens  cut-off  at 
a  point  that  I  thought  would  do  the  work  right ;  and  so  I  altered 
her  at  once,  and  set  the  cut-off  at  the  point  that  I  thought  would 
be  right.    Mr.  Van  Santvoord  then  told  the  engineer  to  carry  thirty- 
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seven  instead  of  forty  pounds,  and  that  was  the  only  order  he  gave 
to  the  engineer.  The  next  morning  he  asked  me  to  go  up  with 
her  again  and  see  how  she  would  go.  I  did  so ;  and  she  made  a 
good  run,  first-rate,  kept  the  steam  up,  and  had  no  trouble.  Then 
Mr.  Yan  Sautvoord  was  pleased  with  her.  After  making  the 
second  or  third  tri}>,  he  told  the  captain  to  take  up  the  two  land- 
ings again,  Cornwall  and  Milton,  and  she  then  made  all  the  regular 
landings,  and  made  regular  and  better  time  and  burned  less  fuel. 
It  was  just  because  they  attended  to  business.  All  the  orders  the 
engineer  gave  to  the  fireman  in  the  morning  was,  "  The  boss  has 
told  us  to  carry  thirty-seven  pounds  of  steam  ;  now,  you  attend  to 
your  business  and  do  that,  and  for  me  to  run  with  a  wide  throt- 
tle." For  the  ordinary  side- wheel  steamboats  the  Stevens  cut-off 
has  been  the  best  thing  we  have  ever  put  on.  In  many  cases  the 
engines  are  sometimes  a  little  scant  in  power,  and  then  they  can- 
not turn  good,  steady  wheels  without  cutting  off  in  the  neighbor- 
hood of  half  stroke,  I  could  tell  you  some  things  that  the  Mary 
Powell  and  other  boats  did,  but  I  think  I  had  better  not  take  up 
any  more  of  your  time. 

Mr.  James  G.  Winship. — I  would  like  to  add,  in  connection  with 
Mr.  Fletcher's  remarks,  some  experience  of  my  own  in  regard  to 
cut-offs,  and  to  relate  a  story:  It  was  my  fortune  to  be  the 
engineer  of  a  steamer  with  a  beam  engine  with  a  Sickles  cut-off. 
The  engine  was  built  in  New  York,  and  put  in  a  boat  on  Lake 
Erie,  called  the  City  of  Buffalo.  The  engine  was  fitted  with 
Stevens  cut-off.  It  was  taken  out  of  that  boat  and  brought  to 
New  York  and  put  in  an  ocean-going  steamer,  called  the  Morro 
Castle,  and  a  Sickles  cut-off  was  substituted  for  the  Stevens  cut- 
off. The  same  engine  is  now  in  the  steamboat  Grand  Repuhlic, 
running  in  this  harbor,  and  is  now  fitted  with  Stevens  cut-off. 
The  boilers  on  the  Jforro  Castle  were  small,  and  the  engine  had 
a  jet  condenser.  "We  fed  salt  water  in  the  boilers,  which  neces- 
sitated a  constant  feed  and  blow-off,  so  that  when  we  would  clean 
fires  we  had  to  cut  off  very  short  to  maintain  a  steady  pressure 
of  steam.  The  captain  came  in  the  engine  room  once  and  said 
he  wanted  to  know  how  it  was  that  we  could  always  have  twenty- 
five  pounds  of  steam,  when  the  ship  would  sometimes  go  like  the 
devil,  and  at  other  times  she  would  just  crawl,  and  all  the  time 
you  have  twenty-five  pounds  of  steam.  I  started  to  explain  to 
him  that  it  was  on  account  of  the  adjustable  cut-off,  when  he 
said,  "Damn  the  cut-off,"  and  left  me. 
30 
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Talking  about  poppet  valves,  a  great  deal  of  loss  is  due  to  the 
difference  in  expansion  between  the  chest  and  valves.  In  that 
old  engine  we  never  could  tell  about  the  condition  of  the  valves, 
unless  'we  took  the  hand-hole  plate  off  the  steam  chests,  and 
tested  the  valves  Avliilo  the  chest  was  hot.  The  valves  and  seats 
were  then  made  of  brass — I  believe  Mr.  Fletcher  now  makes  both 
seats  and  valves  of  cast-iron.  Then,  another  thing,  both  with  the 
Sickles  cut-off  and  with  the  Stevens  it  is  easy  to  lose  steam. 
If  you  have  a  Sickles  cut-off  and  want  to  have  the  valve  seat 
without  noise,  ten  to  one  the  valve  does  not  seat,  but  fetches  up 
on  the  water  in  the  dash-pots,  and  with  the  Stevens  cut-off  the 
valve  may  be  held  off  the  seat  by  the  toes.  I  was  taught  when  a 
boy  to  see  that  the  valve  stem  was  loose  in  the  lifter  when  the 
valve  was  seated. 

The  old  Stevens  cut-off  is  a  good  thing.  When  we  used  to  go 
down  the  bay,  a  friend  of  mine  on  another  ship  would  go  down 
with  us,  but  lie  could  beat  us.  I  asked,  "  Donegan,  how  far  can 
you  follow?"  He  said,  "Eleven  feet."  His  engine  was  eleven 
feet  stroke.  "How  far  do  you  generally  follow?''  "Oh,  about 
three  feet,"  he  would  say.     He  had  gags  fitted  to  his  cut-off. 
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DCCLXX.* 

ELECTRICITY  IX   COTTON   MILLS. 

BY  W.  B.  SMITH-WHALEY,  COLUMBIA,  S.  C. 

(Member  of  the  Society.) 

Electricity  as  a  means  of  trausmitting  power  lias  been  con- 
siderably dealt  with  in  several  very  able  papers  before  this 
Society ;  and  it  is  not  my  purpose  to  take  up  valuable  time  in 
covering  again  ground  which  has  been  only  too  well  and  ably 
investigated,  desiring  to  give  only  the  results  of  my  experience 
with  electricity  as  a  means  of  transmitting  power  in  a  cotton 
mill.  Its  many  useful  dispositions  have  been  described  fully, 
but  in  every  case  we  lack  direct  comparison  from  actual  practice, 
which  would  jiicture  it  to  us  in  its  true  commercial  light.  It  is 
the  purpose  of  this  paper  to  attempt  to  describe  from  the  actual 
operation  of  two  plants  working  under  as  nearly  identical  condi- 
tions as  two  manufacturing  institutions  can — the  one  operated 
by  rope  transmission  with  heavy  head  shafts,  sheaves,  etc.,  and 
the  other  by  means  of  motors  distributed  throughout  the  build- 
ing. In  one  the  actual  operation  of  the  steam  engine  is  consid- 
ered ;  in  the  other  the  current  is  supplied  to  the  motors  from 
the  secondary  switchboard  or  receiving  station. 

Many  have  considered  electric  transmission  in  the  light  of  a 
source  of  power,  and  we  often  hear  comparisons  on  it  with  regard 
to  power  costs  which  are  very  misleading.  Some  have  been  im- 
prudent enough  to  assert  its  economy  for  power  purposes  in 
connection  with  uneconomical  water-power  plants,  as  the  means 
of  making  such  developments  commercially  available  ;  and  sev- 
eral large  plants  for  cotton  mills  have  been  developed  on  this 
line  with  such  blindness  as  to  their  true  commercial  value  from 
an  economical  standpoint  that  room  is  left  for  well-founded 
scepticism  of  their  true  value  when  compared  with  the  many 
other  more  economical  installations  which  might  have  been 
effected.     Electricity's  true  position,  for  power  purposes,  is  that 
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of  a  transmitter;  and  Avliatever  the  source  of  j)ower,  -the  point  to 
be  considered  is  its  efficiency  in  connection  with  that  source  for 
transmitting  purposes.  Having-  settled  that,  our  investigation 
then  leads  to  its  comparison  with  other  well-known  methods  of 
transmission. 

For  the  purposes  of  this  paper  we  will  take  up  the  investiga- 
tion, by  tabulated  data,  from  the  actual  every-day  operation  of 
the  plants.  The  period  during  which  the  conditions  as  regards 
the  working  load  were  approximately  the  same  was  between  the 
1st  of  April  and  the  25th  of  June,  1S97,  and  we  shall  designate 
the  two  plants  as  No.  1  and  No.  2.  No.  1  is  a  steam-driA^en  mill, 
having  a  steam  plant  geared  up  with  ropes,  heavy  head  gear- 
ing, and  large  tapering  shafts  as  such  plants  are  usually  geared 
up  in  the  best  practice  of  to-day.  The  steam  engine  is  an  800 
horse-power  Corliss  cross  compound,  built  in  1895,  with  cylin- 
ders 20  and  40  by  60  inches  stroke,  and  a  rope  wheel  24  feet 
pitch  diameter,  grooved  for  26  l^-inch  ropes,  Aveighing  35  tons. 
This  engine  is  being  operated  at  an  exceptionally  low  cost  per 
horse-power  for  steam.  There  were  in  the  mill  during  the  period 
for  which  comparison  of  power  is  made  11,776  spindles  and  720 
looms ;  all  the  spindles  and  preparatory  machinery  were  run 
full,  but  the  looms  did  not  average  more  than  682  per  day. 
No.  2  is  an  electric-driven  mill  which  rents  its  current  from  a 
central  station  and  distributes  it  through  a  continuous-reading 
wattmeter  to  four  150  horse-power  inverted  motors  bolted  to  the 
ceiling  in  convenient  locations  for  economical  distribution  of 
the  power,  and  belted  to  the  shafting.  The  mill  has  been  in 
operation  since  the  1st  of  January,  1897.  This  mill  had  in  oper- 
ation during  the  period  named  above,  on  an  average,  12,448 
spindles,  with  preparatory  machinery,  and  an  average  of  356 
looms  out  of  500  in  the  mill.  The  weight  of  the  shafting  in  the 
steam  mill  is  approximately  136,000  pounds,  and  in  the  electric 
mill  122,000  pounds. 

POWER   IN   EACH   MILL. 

From  the  diagram  (Fig.  114)  showing  the  power  curves  in  the 
two  mills  during  the  period  alluded  to,  we  find  that  the  average 
in  the  steam  mill  is  535.71  horse-power  for  all  purposes  (this  mill 
is  only  partly  filled  with  machinery,  and  is  iising  not  quite  two- 
thirds  of  its  full  power).  From  indicator  cards  taken,  Ave  find 
that  the  power  required  to  driA'e  the  shafting  and  belting  on 
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loose  pulleys  only  is  228  horse-power  ;  for  the  720  looms  and 
shafting,  only  3-4'.)  horse-power ;  and  for  the  whole  mill,  595 
horse-power.  Deducting  the  friction  horse-power  from  the 
power  required  to  drive  the  looms  and  shafting  and  dividing 
this  result  by  the  number  of  looms,  we  obtain  the  power  re- 
quired to  drive  one  loom,  which  is  0.168  horse-power. 

Deducting  the  jDower  required  to  drive  the  looms  and  shafting 
from  the  total  power  gives  us  246  horse-power,  which  is  the  power 
required  to  drive  the  spindle  and  preparatory  machinery.  This 
amount  divided  into  the  number  of  spindles  gives  us  60  spindles 
per  horse-power,  including  the  necessary  preparatory  machinery 
for  this  number  of  spindles. 

At  the  time  the  data  given  above  were  obtained,  there  were  in 
operation  in  the  mill  14,848  spindles,  with  tlie  necessary  pre- 
paratory machinery,  and  720  looms. 

In  the  electric  mill,  owing  to  the  lack  of  suitable  instruments 
for  testing  the  separate  motors,  we  were  unable  to  find  the 
amount  of  power  expended  in  friction,  and  consequently,  having 
only  the  average  power  consumed,  we  can  compare  the  mills  by 
using  the  data  obtained  from  the  steam  inill  to  bring  the  elec- 
tric mill  to  the  same  basis.  From  the  power  chart  we  observe 
that  on  an  average  418.2  horse-power  per  day  were  used  in  the 
electric-driven  mill  during  the  period  above  alluded  to,  namely, 
from  the  Isfc  of  April  to  the  25th  of  June.  During  that  period 
there  were  in  operation  on  an  average  12,448  spindles  per  diem 
and  357  looms,  as  against  the  steam  mill  operating  11,776 
spindles  and  682  looms. 

From  the  data  obtained  from  the  steam-driven  mill  we  have 
the  following  distribution  of  jDower  during  the  test — for  the 
steam-driven  mill  : 

Total  power.       Looms  and  shafting.         Friction.  H.-P.  spds.  Looms. 

535  340  226  196  114 

and  for  the  electric-driven  mill : 


Total  power. 

Looms  and  shafting. 

Friction. 

H.-P.  spds. 

Looms. 

418 

206 

149 

308 

60 

Hence  the  difference  between  226  horse-power  and  149  horse- 
power, which  is  77  horse-power,  must  be  credited  to  the  elec- 
tric mill  in  its  present  condition. 
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The  followiiif^  points  from  the  foregoing  can  be  stated  as  ex- 
isting imder  the  present  conditions  :  The  steam  mill  is  operat- 
ing under  a  disadvantage  of  an  underloaded  engine  ;  the  elec- 
tric mill  is  operating  under  the  disadvantage  of  driving  more 
shafting  23er  motor  than  it  will  when  the  full  complement  of 
machinery  is  installed. 

The  steam  mill  requires  more  supplies  in  the  shape  of  oil, 
sizing  for  ropes,  and  other  necessary  incidentals  due  to  the 
method  of  transmitting  the  power.  The  electric  mill  has  cost 
nothing  for  its  motors  in  six  months  of  operation,  not  even  the 
necessity  of  putting  oil  in  the  bearings,  which  was  simply  re- 
newed once  in  that  time  as  a  precaution.  The  convenience  of 
operating  any  section  of  the  mill  ad  UUtum,  without  reference 
to  the  other  sections,  is  an  advantage  which  is  felt  in  dollars 
and  cents  in  plants  using  the  electric  transmission. 

The  question  which  arises  as  to  whether  a  generator  directly 
connected  to  an  economical  type  of  engine  to  produce  the  power 
would  consume  the  difference  in  the  frictional  horse-power,  is 
one  which  can  only  be  answered  from  data  from  institutions 
having  such  plants.  It  is  the  author's  opinion  that  this  differ- 
ence of  power  Avould  not  be  exceeded,  and  he  hopes  subse- 
quently to  give  more  specific  data  from  further  experiment  from 
the  actual  operation  of  these  two  plants  under  better  conditions, 
viz.,  when  both  mills  are  completely  filled  with  machinery  and 
motors  and  engine  run  at  their  full  load ;  also  in  obtaining  the 
efficiency  of  direct  connected  engines  and  generators. 

It  must  be  borne  in  mind  that,  unlike  a  machine  shop  and 
other  manufacturing  establishments,  where  a  large  amount  of 
shafting  is  required  to  cover  the  ground  and  where  intermittent 
power  is  used,  a  cotton  mill  drives  in  useful  effect  95  per  cent, 
of  its  shafting  and  uses  actually  in  continuous  operation  almost 
the  maximum  jjower  at  all  times. 

In  presenting  this  paper  the  author  hopes  that  it  will  awaken 
enough  interest  in  others  to  induce  them  to  collect  and  present 
to  the  Society  useful  data  which  they  may  have  relative  to  this 
very  important  subject. 

DISCUSSION. 

Mr.  Wm.  Kent. — This  seems  to  be  another  case  of  cause 
and  effect,  such  as  was  spoken  of  in  discussing  the  so-called 
electric  feed-water  purifier.     The  supposed  cause  is  not  the  real 
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cause.  I  think  this  saving  of  77  horse-power  in  the  electric- 
driven  mill,  while  no  clouht  coincident  with  the  installation 
of  electricity,  was  not  due  to  the  electricity,  but  to  something 
else.  There  are  two  mills  about  alike,  and  four  lines  of  shaft- 
ing for  driving.  In  one  case,  in  the  steam-driven  mill,  we  have 
an  engine  belted  or  roped  to  four  lines  of  shafting,  and  we 
get  535  horse-power  to  do  a  given  work.  In  the  other  mill  the 
engine  drives  a  dynamo,  which  furnishes  current  to  four  motors, 
one  on  each  of  the  four  shafts.  Is  it  conceivable  that  77  horse- 
power can  be  saved  out  of  535  by  the  simple  change  from  direct 
rope  or  belt  driving  of  the  four  shafts  to  driving  them  indirectly 
through  an  electric  generator  and  four  motors  ?  I  would  like  to 
ask  the  author  how  the  horse-power  is  determined  in  the  two 
mills.  We  generally  take  the  steam  power  in  a  mill  as  the  indi- 
cated horse-power  in  the  steam-engine  cylinder.  Then  there  are 
the  dynamometric  horse-power  at  the  flywheel  and  horse-power 
transmitted  to  the  pulleys.  Which  of  these  horse-powers  is  it  that 
he  means  by  a  horse-joower  ?  If  he  means  horse-power  at  the  ends 
of  these  shafts  then  I  would  like  to  know  how  he  determined 
it.  If,  on  the  contrary,  it  was  not  the  horse-power  at  the  shafts, 
but  the  indicated  horse-power,  then  the  comparison  does  not 
seem  to  be  correct,  because  the  horse-power  in  the  electrically 
driven  mill  apparently  is  measured  on  the  wires  leading  to  the 
motors,  which  is  less  than  the  horse-power  that  drives  the  elec- 
tric generator.  If,  in  the  case  of  the  steam-driven  mill,  it  is  the 
indicated  horse-power,  and  in  the  other  mill  the  horse-power 
measured  by  the  electric  current  at  the  motors,  then  the  saving 
of  77  horse-joower  is  accounted  for.  But  if  there  is  a  difference 
of  77  indicated  horse-power  apparently  caused  by  the  simple 
substitution  of  electric  driving  for  belt  driving,  then  we  must 
look  for  some  other  cause,  such  as  that  in  one  of  the  mills  the 
shafting  was  probably  lined  better  than  the  other,  or  that  a  bet- 
ter lubricant  was  used. 

2fr.  Chas.  T.  3Iain. — As  stated  in  the  paper,  neither  of  the 
mills  under  consideration  is  fully  equipped,  and  therefore  the 
friction  loads  as  given  do  not  represent  the  proper  relation 
which  they  will  bear  to  the  total  powers  required  to  run  the 
mills. 

Assuming,  as  is  stated,  that  the  steam-driven  mill  will  finally 
use  about  50  per  cent,  more  than  its  present  power,  the  total 
required  to  run  the  mill  will  be  about  800  horse-power.     The 
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friction  load  will  be  slightly  iucreasecl  also,  but  assuming  for  the 
present  that  it  will  not  be,  it  would  amount  to  about  28  per 
cent,  of  the  total.  This  is  too  large  for  a  modern  cotton  milL 
and  I  do  not  think  that  any  definite  conclusions  can  be  drawn 
until  the  mills  are  fully  equipped. 

With  a  new  mill  properly  arranged,  where  the  power  is  trans- 
mitted directly  from  the  engines  onto  the  head  shafts  in  the 
various  rooms  where  it  is  used,  the  friction  load,  with  the  belts 
on  the  loose  pulleys  of  the  machines,  including  that  of  the 
engine,  should  not  be  over  20  to  25  per  cent,  of  the  total  load 
required  to  run  the  miU.  The  friction  load  is  increased  as  the 
power  is  required  to  be  transmitted  through  larger  distances, 
and  around  corners  before  being  used. 

A  large  amount  of  information  bearing  upon  this  subject  has 
already  been  printed  in  the  Tmnsadions  of  the  Society.  In 
vol.  vi.  the  paper  by  Mr.  John  T.  Henthorn,  and  the  discussion 
of  the  same  by  Mr.  George  H.  Barrus,  give  the  friction  loads  of 
over  sixty  mills,  in  vol.  vii.  there  is  a  paper  on  the  same  sub- 
ject by  Mr.  Samuel  Webber. 

A  part  of  the  friction  load  becomes  useful  work  when  the 
belts  are  shifted  from  the  loose  onto  the  tight  puUej^s  of  a 
machine,  so  that  the  actual  loss  by  friction  with  all  the  ma- 
chinery running  should  be  less  than  20  per  cent.  Some  engi- 
neers add  to  the  power  required  to  run  the  machinery  one-seventh, 
to  get  the  total  load. 

The  various  tests  which  I  have  made  confirm  the  figures 
given  above. 

At  present  the  transmission  of  power  by  electricity  cannot 
compete  with  direct  transmission  in  cotton  mills  as  usually  run, 
for  there  are  in  each  case  certain  losses  which  are  the  same  ; 
viz.,  the  friction  of  the  engine  and  of  the  shafting,  omitting  the 
head  lengths.  With  the  direct  transmission  there  is  the  loss  in 
the  friction  of  belts  or  ropes,  and  that  of  the  head  lengths, 
which  is  more  than  offset  by  the  losses  in  generator,  transmis- 
sion, and  motor  in  the  electric  drive,  which  is  probably  nearly 
or  quits  as  much  in  actual  practice  as  the  total  friction  load 
should  be  with  direct  transmission.  There  is  also  against  the 
electric  transmission  its  extra  cost  of  installation. 

For  some  particular  cases,  and  other  kinds  of  work  than 
textile  mills,  there  is  no  question  of  economy  of  electrical 
transmission. 


474 


ELECTRICITY   IN   COITON   MILLS. 


Prof.  R.  C.  Ca/'jtenter. — Arrangiug  the  data  as  given  on  page 
470  on  the  basis  of  a,  that  the  total  power  delivered  to  shafting 
equal  to  1,000  in  each  case,  we  have — 
For  the  steam-driven  mill : 


Total  Power. 

Looms  and  Shafting. 

Friction. 

Horge-Power  Speed. 

Looms, 

442 

274 

558 

168 

1,000 

637 

423 

367 

213 

For  the  electric-driven  mill : 

Total  Power.    Looms  and  Shafting.    Friction.    Ilorse-Power  Speed.    Looms. 

558  168 

1,000  493  357  497  143 

Decrease  in  friction  due  to  use   of  elec-  /  g6  hor.se-power. 

tricitv  :  (  6.6  per  cent,  total  power. 

To  offset  this  there  will  be  the  loss  of  conversion  and  trans- 
mission of  the  electric  current.  Remarkably  good  results  are 
obtained  if  we  get  80  per  cent,  efficiency  for  dynamos  and  90 
per  cent,  for  motors,  or  70  per  cent,  as  the  total  efficiency  of 
transformation  and  transmission.  To  meet  this  condition  the 
steam  engine  must  deliver  about  300  horse-j)ower  more  when 
electricity  is  used ;  so  that  we  have  in  this  case  an  example  when 
300  horse-power  is  expended  to  save  66,  or,  in  other  words, 
when  reduced  to  the  same  basis,  the  cost  of  transformation  of 
mechanical  into  electrical  power,  and  back  again  into  mechani- 
cal, is  several  times  that  of  the  extra  loss  in  friction  due  to  use 
of  the  steam  engine. 

I  am  inclined  to  believe  that  such  a  negative  saving  will  often 
be  found,  especially  in  the  case  of  factories  where  the  machinery 
is  in  nearly  constant  use ;  on  the  other  hand,  the  electrical 
power  will  show  more  economical  results  when  the  machines 
are  used  infrequently  or  at  short  intervals  during  the  day. 

Mr.  ^V.  B.  Smith -WTialey.^ — Mr.  Kent  seems  to  think  that  the 
electric  mill  is  running  its  own  generating  j^lant.  The  paper 
distinctly  states  to  the  contrary — that  the  power  is  measured  at 
the  receiving  station  on  the  meter,  after  being  transformed. 
Whatever  losses  accrue  between  the  generating  station  and  the 
meter,  the  mill  has  nothing  to  do  with.  It  is  a  question  as  to 
whether  these  losses  would  exceed  a  gain  apparently  in  the 
transmission  in  the  mill. 


*  Author's  closure,  under  tlie  Rules. 
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As  stated  in  the  paper,  the  causes  for  this  gain  are — first,  th3 
subdivision  of  the  power  at  suitable  points ;  secondly,  a  greatly 
reduced  weight  of  shafting  and  the  complete  annihilation  of  ail 
large  belts. 

In  the  steam  mill,  power  was  measured  at  the  engine  bv 
means  of  indicators ;  in  the  electric  mill  it  was  read  from  the 
meter,  and  these  were  the  units  used. 

The  balance  of  discussion  does  not  cover  the  ground  stated  in 
the  paper,  because  the  object  of  the  paper  was  to  present  facts  as 
nearly  as  possible  as  they  existed  under  the  conditions  of  oper- 
ating the  two  plants,  and  distinctly  raises  the  point  as  to  whether 
it  would  be  possible  for  the  saving  represented  by  the  method 
of  transmission  used  in  the  electric  mill  to  be  exceeded  in  fric- 
tional  horse-power  by  direct  coupled  engine  and  generator. 

With  regard  to  Mr.  Main's  discussion,  we  can  say  that  it  will 
take  about  850  horse-power  to  drive  the  steam  mill  when  it  is 
fully  equipped.  As  was  stated  in  the  paper,  all  the  shafting  is  in 
for  the  complete  mill,  and  the  friction  of  226  horse-power,  as  given 
in  the  paper,  represents  the  power  used  for  all  other  purposes 
otherwise  than  driving  the  cotton  machinery  when  doing  work. 
In  this  there  is  in  each  plant  about  10  horse-power  in  pumps, 
of  which  no  account  has  been  taken,  and  this  would  reduce  the 
frictional  horse-power  that  amount. 

When  the  mill  is  completely  filled  with  machinery,  the  horse- 
power will  not  increase  to  quite  10  horse-power.  The  author 
estimates  about  8^  horse-power.  Assuming  that  it  Avill  reach 
the  full  10  horse-power  deducted  for  the  pumps,  still  gives  us  a 
figure  of  226  horse-power,  which  is  about  26  per  cent,  of  the 
total  power  ultimately  required  to  drive  the  full  mill.  Of 
course,  this  includes  driving  all  loose  pulleys  on  the  machines. 

The  author  agrees  with  Mr.  Main  that  the  transmission 
through  generators  and  motors  is  very  nearly  the  same  in  fric- 
tion as  direct  transmission;  but  from  reliable  figures  in  the 
author's  possession,  taken  from  plants  actually  constructed,  ai^d 
from  estimates  from  reliable  machinery  builders,  the  extra  cost 
of  erecting  a  steam  generator  and  putting  in  the  motors  is  very 
nearly  the  same  as  installing  the  plant  direct  with  belts  or  ropes, 
and  the  gain  in  flexibility  due  to  the  electric  plant  is  certainly  a 
great  advantage. 

With  regard  to  Professor  Carpenter's  discussion,  I  would  say 
that  he  is  very  much  in  error  in  proportioning  the  difierent 
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powers  in  the  mill.     All  we  need  say  is,  that  in  a  1,000  horse- 
power mill  the  power  would  be  distributed  as  follows  : 

Total  Power.  Looms  ami  Shafting.  Friction.  Spindles.  Looms. 

1,000  416  248  584  168 

There  is  in  this  friction  the  same  allowance  for  pumps  as  in 
the  paper,  no  deductions  having  been  made  for  it.  Professor 
Carpenter  labors  under  the  same  misapprehension  with  regard 
to  the  generating  plant  as  Mr.  Kent  does ;  and,  as  stated  in  the 
reply  to  Mr.  Kent's  discussion,  I  will  simply  say  that  the  author 
cannot  assert  exactly  what  power  would  be  consumed  in  driving 
the  generator  to  operate  a  plant  of  this  size,  not  having  any  data 
at  present  to  cover  these  cases,  and  distinctly  leaves  it  an  open 
question  in  his  paper  for  further  consideration  by  those  having 
such  data  in  their  possession. 
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DCCLXXI.* 
THERMODYNAMICS  WITHOUT  THE  CALCULUS. 


BT   GEORGE    RICnMOND,    NEW   YORK   CITT. 

(Member  of  the  Society.) 


In  giving,  by  request,  a  brief  outline  of  the  method  of  treat- 
ing heat  relations,  which,  on  account  of  its  extreme  simplicity,  is 
coming  more  and  more  into  general  use,  it  must  not  be  supposed 
that  there  is  any  disposition  to  undervalue  the  importance  of  the 
higher  branches  of  mathematics.  The  contention  is  simply  that 
the  use  of  the  calculus  is  no  more  essential  to  an  intelligent  use 
and  understanding  of  such  thermodynamic  problems  as  ordi- 
narily concern  the  engineer  than  it  is  necessary  in  order  to  find 
the  horse-power  of  an  engine  from  the  indicator  diagram.  This 
diagram,  in  fact,  affords  a  most  striking  illustration  of  the  advan- 
tage of  graphical  representation,  not  only  in  fixing  our  ideas,  but 
also  in  facilitating  calculations.  A  mere  inspection  of  it  conveys 
an  amount  of  information  which,  if  clothed  in  mathematical 
formulas,  would  be  unavailable  to  many,  and  perfectly  intelligible 
to  few,  if  any.  Conversely,  we  may  expect  that  when  the  heat 
relations  we  are  accustomed  to  see  expressed  in  formulas  are 
presented  in  graphical  form,  they  will  be  very  much  more  intel- 
ligible. Eesults  are  thus  rendered  available  to  the  non-mathe- 
matical reader,  and  an  almost  equal  benefit  accrues  to  the 
mathematician. 

Since  the  indicator  diagram  is  so  familiar,  and  as  every 
change  of  position  on  it  is  accompanied  by  the  addition  or  re- 
moval of  a  definite  amount  of  heat,  it  would  at  first  glance  seem 
very  convenient  to  represent  these  heat  changes  on  this  diagram 
itself.  Rankine,  indeed,  pointed  out  that  the  mechanical  equiva- 
lent of  the  heat  transferred  to  or  from  a  substance,  in  passing 
from  the  condition  represented  by  one  point   on   the   indicator 

*  Presented  at  the  New  York  meeting  (December,  1897)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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diagram  to  another,  was  represented  on  the  same  diagram  by  the 
area  induded  between  the  lino  joining  these  points  and  two 
adiabatics  drawn  to  infinity,  one  through  each  of  them.  lie  does 
not  seem  to  Imve  recommended  this  as  a  practical  means  of  repre- 
senting heat  areas,  for  which  it  was  obviously  ill-adapted,  but,  in 
view  of  tlie  fact  that  Ranhino  divides  Avith  Clausius  the  honor  of 
elaborating  the  conception  of  entropy,  it  is  astonishing  that  he 
failed  to  see  the  advantage  of  a  diagram  on  which  temperature 
and  entropy  are  the  coordinates. 

Tf,  instead  of  referriug  to  a  diagram*  in  which  neither  of  the 
quantities  involved  were  represented  otherwise  than  as  mathe- 
matical abstractions,  he  had  used  them  as  coordinates,  the  tem- 
perature-entropy diagram  would  have  now  been  in  use  for  forty 
years ;  incalculable  labor  would  have  been  saved,  and  the  confu- 
sion of  ideas  connected  with  entropy  would  have  been  impossible. 
As  a  more  practical  method  of  representing  heat  changes, 
Rankine  suggested  a  pressure  which  he  writes  as  ]ih  and  defines 
as  pressure  t  equivalent  to  expenditure  of  available  heat.  He 
did  not  make  any  practical  use  of  it,  and  the  only  graphical  result 
left  us  by  Rankine  in  his  text  book  is  a  mere  picture.:}: 

Professor  Cotterill,  however,  elaborated  Rankine's  idea  with 
considerable  enthusiasm,  and  under  his  treatment  the  quantity 
j)h  served  as  the  means  of  obtaining  a  variety  of  useful  results.  !l 
Having  undoubtedly  obtained  all  that  was  to  be  had  from 
exploiting  this  idea.  Professor  Cotterill  admits,  with  admirable 
candor,  that  it  is  less  available  for  the  purpose  than  the  tempera- 
ture-entropy diagram,  which  he  uses  to  a  certain  extent. 

Professors  Ayrton  and  Perry,  §  recognizing  the  importance  of 
supplementing  the  indicator  diagram  in  their  investigations  on 
the  gas  engine  by  concurrent  information  as  to  chauges  in  tem- 
perature and  heat  supply,  proposed  another  method  of  indicating 
these  variations  on  the  indicator  diagram  itself. 

For  the    purpose   of    representing   the   interchange    of  heat 


*  A  Manual  of  the  Steam,  Engine  and  other  Prime  Movers,  ISth  ed.,  par.  265, 
266,  and  267. 

t  Ibid.,  p.  400.  X  Ibid.,  p.  408. 

II  The  Steam  Engine  Considered  as  a  Thermodynamic  Machine.  .James  H. 
Cotterill,  1890. 

p  The  Gas-Engine  Indicator  Diagram.  Ayrton  and  Perry,  Philosophical 
Magazine,  1884,  vol.  ii.  An  excellent  description  of  this  method  will  be  found 
in  Robinson's  Gas  and  Petroleum  Engines,  April,  1890. 
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between  steam  and  tlio  cylinder  walls,  Dwelsliauvers-Dery  *  de- 
vised still  another  method  of  supplementing  the  indicator  dia- 
gram by  heat  areas.  Probably  other  examples  could  be  found, 
bat  these  are  sufficient  to  indicate  the  desire  for  some  method  of 
graphical  representation  of  heat  changes.  This  being  the  main 
purjiose  of  their  introduction,  it  is  irrelevant  to  compare  their 
relative  merits  and  originality.  They  have  not  been  used  to  any 
great  extent  by  others  than  their  originators,  which,  however,  is 
not  in  itself  a  proof  that  they  are  not  adapted  to  the  special 
cases  that  called  them  forth. 

The  temperature-entropy  diagram,  on  the  other  hand,  is  to  be 
found  in  nearly  every  text  book  on  thermodynamics  or  allied  sub- 
jects published  within  the  last  ten  years,  and,  what  is  peculiarly 
significant,  the  more  recent  the  edition,  the  greater  the  use  made 
of  it.  It  will  be  a  surprise  to  many  to  learn  that  Zeuuer  uses  it 
throughout  in  his  masterly  treatise,t  and  that  more  entropy-tem- 
perature diagrams  are  to  be  found  here  at  this  early  date  than  in 
any  similar  subsequent  publication.  Unfortunately  he  uses  them 
as  illustrations  only ;  his  calculations  are  all  analytical,  and  refer 
to  the  p  V  coordinates.  He  recognizes  the  value  of  showing  the 
results  in  diagrammatic  form,  but  is  indifferent  to  the  fact  that  in 
many  cases  these  results  could  be  obtained  with  the  same  rigor 
by  mere  inspection  of  the  heat  diagram.  A  very  little  editing  of 
this  monumental  work,  which  is  at  once  our  admiration  and  de- 
spair, would  render  it — or  at  least  the  greater  and  most  important 
part  of  it — perfecth-  simple  to  those  of  us  who  find  no  comfort  in 
differential  equations.  The  most  complete  treatment  of  the  sub- 
ject hitherto  published  is  to  be  found  in  the  treatise  of  J.  Boul- 
viu.:}:  In  this  case  the  results  are  obtained  directly  from  the 
heat  diagram,  and  very  useful  auxiliary  diagrams  are  introduced, 
which  have  been  recently  reproduced  with  modifications  by  Pro- 
fessor Reeves.  || 


*  Dwelshauvers-Dery  :  /JturJe  cnlorimetrique  de  la  machine  a  vapeur.  See  also 
Table  of  Properties  of  Steam,  by  same  author,  Transactions  A.  S.  M.  E.,  vol.  xi., 
1890. 

f  Technische  Thermodynamik,  von  Dr.  Gustav  Zeuner.  Erster  Band,  1887  ;  zwei- 
ter  Band,  1890. 

X  Cours  de  Mecanique  appliquee  aux  machines  3"*®  fascicule  theories  des  machine 
thermiques.     J.  Boulvin,  Paris,  1893. 

II  The  Entropy-Temperature  Analysis  of  Steam-Engine  Efficiencies.  Sydney  A. 
Reeve,  1897. 
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lu  the  Englisli  language  we  find  a  brief  account  by  Professor 
Cotterill,  as  alread}-  mentioned,  and  a  much  fuller  treatment  by 
Professor  Ewing.  This  latter  treatise  may  be  unreservedly  com- 
mended to  all  who  wish  to  study  the  subject  on  these  lines. 

It  appears  that  the  claim,  frequently  made,  of  first  publication 
in  this  country  is  invalid,  since  Belpaire  preceded  Gibbs  by 
about  twelve  months.  The  following  list  of  writers  who  have 
used  it  prior  to  1890  may  be  useful  for  reference  : 

1872.  Belpaire,  Thomas :  Bulletin  de  Vacadtiinie  royale  de 
Belgique,  vol.  xxxiv. 

1873.  Gibbs,  F.  Willard  :  Transactions  of  the  Connecticut  Acad- 
emy of  Science,  vol.  ii.,  page  309. 

1875.  Linde,  Carl :  Theorie  der  Kalteerzeugungsmaschinen. 

1883.  Schroeter,  M  :  Zeitschrift  des  Vereioies  Deut.  Ing. 

1884.  Hermann,  G. :  Die  Grajjhische  heliandlung  der  mechan- 
isclien  WarnietJieorie. 

1887.  Zeuner,  Gustav  :  Technisclie  Thermodynamik,  erster  Band. 

1889.  Gray,  J.  Macfarlane  :  Proc.  Inst.  Mech.  Eng.,  and 
"  Rationalization  of  Regnault's  Experiments,"  paper  read  at  Paris 
meeting,  1890. 

This  list  represents  the  order  of  priority  according  to  present 
information.  It  should  really  be  headed  by  Carnofc,  followed  by 
the  names  of  Rankine  and  Clausius,  Avhich  we  prefer  to  bracket 
together  under  date  1851  rather  than  enter  upon  the  merits  of 
an  unfortunate  dispute.  The  results  obtained  by  these  two 
writers  from  the  inspiration  of  Caruot  rendered  the  work  of  the 
rest  possible,  and  these  results  were  left  in  a  form  so  suggestive 
that  the  gap  of  nearly  twent}^  years  is  a  matter  of  surprise. 

To  Mr.  Gray,  although  the  last  in  the  above  list,  must  be 
awarded  the  credit  for  the  popularity  of  the  temperature-entropy 
diagram  in  England.  The  abstruseness  of  the  subject  obscured 
the  simplicity  of  tlie  tools  he  used  in  his  paper,  which  many  of 
us  heard  in  Paris ;  but  his  application  of  it  to  simpler  questions, 
and  particularly  the  classic  experiments  of  Willaus,t  in  connec- 
tion with  which  he  freely  used  the  heat  diagram,  served  to 
bring  out  its  manifold  advantages. 

The  subject  has  not  received  in  this  country  the  attention  it 


*  The  Steam  Engine  and  Other  Heat  Engines.     By  J.  A.  Ewiug,  Cambridge, 
1894. 

f  Willans  on  Steam-Engine  Trials,  Min.  Proc.  lust.  C.  E.,  April,  1893. 
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deserves.  A  few  writers,  including  Professor  Carpenter  and  Pro- 
fessor Reeves,  have  recently  made  use  of  the  temperature-entropy 
diagram,  and  it  may  interest  the  members  to  know  that  the  first 
practical  application  of  it  appears  to  be  found  in  the  printed 
Transactions  of  this  Society,* 

Tlie  temperature  entropy,  unlike  the  indicator  diagram,  cannot 
be  traced  automatically,  but  it  can  be  so  easily  constructed  that 
we  can  conceive  the  tracing  points  linked  together  by  such  a 
mechanism  that,  while  the  ordinate  of  the  j9  v  diagram  is  sweep- 
ing out  areas  representing  work  done  by  or  on  the  substance,  the 
temperature  ordinate  is  concurrently  sweeping  out  areas  repre- 
senting heat  applied  or  heat  removed. 

In  a  closed  cycle  the  pencil  on  each  diagram  will  return  to  its 
starting  point  at  the  same  time,  and  the  two  together  will  give  a 
complete  history  of  the  transaction  ;  the  one  will  have  traced  a 
closed  area  representing  either  the  net  work  obtained,  or  the  net 
work  done,  while  the  closed  area  traced  by  the  other  pencil  repre- 
sents the  net  amount  of  heat  missing  from  the  system,  or  the  net 
amount  by  which  it  is  increased.  The  two  areas  are  equivalent ; 
the  one  representing  in  foot  pounds,  and  the  other  in  heat  units, 
the  heat  that  has  been  converted  into  work,  or  conversely. 

The  fact  that  these  two  areas  are  equivalent  is  an  expression 
of  the  first  law  of  thermodynamics,  and  for  this  purpose  any 
coordinates  fulfilling  this  condition  would  have  answered.  The 
choice  of  the  absolute  temperature  as  one  of  the  coordinates  is 
an  expression  of  the  second  law.  Take  for  example  the  familiar 
Carnot  cycle  bounded  by  two  isothermals  and  two  adiabatics. 

The  temperature-entropy  finger  of  our  supposed  instrument 
would  trace  out  a  rectangle  (Fig.  115)  which  is  a  complete  heat 
record.     Comparing  point  by  point  the  two  diagrams— 

1  to  2,  addition  of  heat  at  constant  temperature  :  isothermal  ex- 

pansion. 

2  to  3,  reduction  of  temperature  without  addition  or  removal  of 

heat :  adiahatic  exjninsion. 

3  to  4,  removal  of  heat  at  constant  temperature  :  isothermal  com- 

pression. 

4  to  1,  increase  of  temperature  without  addition  or  removal  of 

heat :  adlahatic  comjpression. 

*  VoL  xiv.,  p.  183.     See  also  vol.  xii.,  p.  874,  Effect  of  Steam  Jacket  on  Cylin- 
der Condensation.     W.  W.  Bird. 
31 
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The  quantity  of  heat  added  in  passing  from  1  to  2  is  rei)rr, 
sented  by  a  rectangle,  whose  height  is  the  absolute  temperature. 
The  width  of  this  rectangle  is  therefore  the  quotient  of  two  known 
quantities.  If,  for  example,  the  passage  from  1  to  2  represents  tho 
evaporation  of  one  pound  of  water  at  80  pounds  pressure,  corre- 
sponding to  an  absolute  temperature  of  773  degrees  and  a  latent 
heat  of  S96  thermal  units,  the  width,  or  entropy,  is  896/773  =  1.157. 
If,  on  the  other  hand,  a  perfect  gas  is  expanded  at  the  same  tem- 
perature isothermally  from  1  to  2,  we  know  that  in  this  case  the 
work  done,  as  shown  on  the  indicator  diagram,  is  exactly  equiva- 
lent to  the  heat  supplied,  as  shown  on  the  heat  diagram.  We  also 
know  that  if  /'  is  the  ratio  of  expansion,  this  work  area  is  equal  to 
RT  logg  ;■.  This  divided  by  778,  to  convert  it  from  foot  pounds 
to  thermal  units,  is  the  area  of  the  rectangle,  and  its  width  must 
be  obtained  by  dividing  by  T ^  that  is,  the  width,  or  entropy,  in 
this  case,  is  B,  logg  r. 

It  is  thus  seen  that  the  dimension  or  quantity  denoted  by  the  term 
"  entropy "  is  exceedingly  eas}'  to  apprehend,  and  if  introduced 
to  us  for  the  first  time  in  this  maunei',  it  would  be  inconceivable 
that  it  could  ever  have  been  regarded  as  more  or  less  mj^sterious. 
The  difficulty  comes  not  from  the  thing  denoted,  but  from  the 
connotation,  which  in  this  case  is  the  validity  of  the  second  law. 
It  is  so  important  that  the  notion  that  entropy  is  a  fictitious  quan- 
tity, involving  a  peculiarly  elusive  idea,  should  be  dispelled,  that  an 
illustration  of  the  difficulty  usually  experienced  may  be  permitted 
from  another  science.  A  young  student  is  told  that  the  resultant 
is  the  sum  of  two  forces;  the  explanation  of  the  term  "  sum  "  as  here 
used  seems  perfectly  rational  and  very  simple,  and  he  proceeds  to 
combine  or  resolve  forces  (as  indicated  by  lines)  by  the  aid  of  his 
set  squares  only,  with  the  greatest  ease  and  confidence.  The  deno- 
tation is  very  simple  ;  the  connotation  for  him  is  zero.  But  to  an- 
other man  who  has  wrestled  with  half  a  dozen  so-called  proofs  of 
the  parallelogram  of  forces,  and  who  has  argued  about  the  ra- 
tionalit}'  of  the  vector  notation,  the  connotation  is  considerable, 
and  represents  a  mass  of  imperfectly  resolved  doubts. 

But  it  is  not  sufficient  that  a  thing  should  be  simple  ;  it  must  be 
shown  to  be  useful.  The  claim  in  the  present  case  is  that  the 
use  of  the  temperature-entropy  diagram  renders  the  study  of 
thermodynamics  one  of  the  easiest  the  engineer  has  to  handle. 
A  few  examples  onl}^  are  necessary ;  and  it  would  be  manifestly 
improper  to  encumber  the   proceedings  of  this  Society  with    a 
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treatise  on  thermodynamics,  which,  moreover,  is  entirely  unneces- 
sary in  the  present  state  of  the  art. 

In  the  first  place,  most  of  the  propositions  relating  to  entropy, 
which  seem  rather  elusive  when  referred  to  the  ^^ -y  coordinates, 
are  little  more  than  truisms  when  referred  to  the  T  cp  coordi- 
nates.    For  example :  (1)  The  entropy  imparted  in  passing  from 


% 

Vk 

\          4               3 

1 

4 

2 

Richmond 

Fig.  115. 

one  adiabatic  to  another  is  the  same  by  whatever  path  the  pas- 
sage takes  place.  This  is  equivalent  to  the  statement  that  the 
distance  between  two  parallel  lines  is  everywhere  the  same. 

(2)  The  heat  absorbed  or  given  out  by  a  substance  in  passing 
from  one  state  to  another  is  given  by  the  area  between  the  curve 
representing  the  change  of  state  and  two  adiabatics,  one  drawn 
through  each  extremity  of  this  curve.     (See  Fig.  116.) 


(3)  If  a  series  of  equidistant  isothermals  be  drawn  between  two 
adiabatics,  they  will  cut  off  equal  areas  from  the  diagram.  (See 
Fig.llT.) 

(4)  When  heat  passes  from  one  body  to  another  the  entropy 
of  the  system  is  increased.  For  since  heat  passes  only  from  a 
warmer  to  a  colder  body,  the  width  of  the  resulting  lower  tempera- 
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ture  heat  area  must  be  gi'cater  than  the  width  of  the  equal  but 
higher  temperature  heat  area. 

(5)  The  eutropv  of  the  world  tends  to  a  maximum.  This  is 
another  way  of  saying  that  the  tendency  of  heat  is  to  settle  down 
to  a  uniform  level ;  each  transfer,  which  must  be  downward,  in- 
creasing tlie  entropy. 

(6)  If  two  bodies  have  different  temperatures,  a  portion  of  the 
heat  of  the  higher  temperature  body  can  be  converted  into  work 
by  a  suitable  heat  engine,  the  remainder  being  transferred  to  the 
colder  body.  The  test  that  all  the  available  heat  has  been  trans- 
formed is  that  the  entropy  of  the  system  has  not  been  increased. 
If  it  has,  the  lost  work  is  proportional  to  the  increase  of  entropy. 


Fig.  117. 


Hence  increase  of  entropy  is  concomitant  with  dissipation  of 
energy,  or,  rather,  destruction  of  availability. 

(Y)  The  equations  to  adiabatics  can  be  written  down  at  sight 
from  the  T  q)  diagram,  if  we  know  enough  to  express  the  criterion 
of  parallelism. 

(8)  Some  important  relations  are  also  self-evident.  For  exam- 
ple, suppose  a  pound  of  steam  to  pass  through  the  Carnot  cycle, 
with  a  very  small  change  of  pressure,  and  consequent  very  small 
change  of  temperature.  The  height  of  the  figure  being  very 
small  in  proportion  to  its  length,  the/)  v  area,  as  well  as  the  corre- 
sponding T  q)  area,  may  be  treated  as  a  rectangle.    (Fig.  118.) 

If  V  be  the  specific  volume  of  steam,  we  have  (Pi  — Pg)  v  = 


q)  =  V 


T,-T, 


that  is,  if  we  have  a  table  of  corresponding  pressures  and  tempera- 
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tnres  for  short  intervals,  we  can  calculate  from  it  the  value  of  cp. 
Also,  since  the  latent  heat  L—Tcp^ 

f^  —  P 

L=   1   V   rp     _     rpy 

a  formula  from  which  the  specific  volume  of  a  vapor  is  generally 
calculated. 

It  will  now  be  shown  how  extremely  easy  the  transfer  of  points 
from  one  diagram  to  the  other  is,  choosing  first  of  all  the  indi- 
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Fig.  118. 


cator  diagram  of  the  steam  engine,  making,  however,  the  expan- 
sion curve  that  of  saturated  steam  (Fig.  118.),  and  assuming  that 
there  is  no  clearance.^ 

The   diagram  on  the  2^  v  ordinates  requires    no   explanation ; 
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it  is  obtained  by  merely  plotting  the  concurrent  values  of  the 
specific  volume  and  pressure  as  found  in  the  tables.  It  is  now 
usual  to  find  in  text  books  the  tables  necessary  to  construct  the 
diagram  on  the  Tqt  ordinates. 

The  length  1-i  is  the  entropy  of  one  pound  of  steam  at  the  tem- 

*  Given  nearly  simultaneously  by  Clausius  and  Rankine  as  tlie  first  fruits  of 
their  conception  of  entropy. 
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peratiii-e  T,  and  the  length  2.3  tliat  at  the  temperature  2\.  We 
may  proceed  as  follows  : 

DraAv  the  isothermal  line  1  4  of  length  as  given  by  the  table 
of  entropy,  and  at  a  distance  from  the  base  equal  to  T^,  on  the 
scale  chosen,  and  complete  the  rectangle.  The  height  of  the 
line  2  3  is  known,  being  T-i,  and  the  position  of  the  point  2  may 
be  found  from  the  table,  as  follows:  The  area  swept  out  by  a 
vertical  line  following  the  curve  from  1  to  2  represents  the  heat 
requii-ed  to  heat  the  water  from  1  to  2  prior  to  its  evaporation  at 
2.  The  horizontal  travel  of  this  line  is  tabulated  under  the  head 
of  entropy  of  the  liquid,  usually  written  under  Greek  letter  r. 
The  difference  between  its  value  at  T^  and  Ti  is  the  length  1  5, 
through  which  we  draw  the  vertical  5,  2  which  determines  2  ;  join  3 
and  4,  and  the  diagram  is  complete.  If,  instead  of  connecting  1  2 
and  3  4  with  straight  lines,  we  wish  to  complete  once  for  all  the 
correct  curves,  it  is  only  necessary  to  take  a  series  of  temperature 
intervals  very  close  together,  proceed  as  before,  and  then  join  the 
points  thus  found  with  a  continuous  curve.  It  is  well  to  do  this 
one's  self  on  square-ruled  paper. 

These  two  areas  bound  our  knowledge  of  the  physical  proper- 
ties of  the  substance  as  given  in  the  tables,  and  any  point  inside 
one  area  can  be  transferred  to  the  other  by  the  following  simple 
rule  : 

Corresponding  jpoints  in  each  diagram  divide  the  horizontal  lines 
through  them  in  the  sam,e  jproportion. 

For  example :  To  transfer  the  point  X  from  the  ])  v  diagram 
to  the  T  (p  diagram,  draw  a  horizontal  AB  and  through  X,  and 
also  ah  at  the  temperature  corresponding  to  the  pressure  P^. 
Divide  ab  in  x  in  the  same  proportion  as  AB  is  divided  in  X, 
tlien  X  is  the  point  required.  Tho  reason  for  this  rule  is  suf- 
ficiently obvious.  Neglecting  the  volume  of  liquid,  the  percen- 
tage of  liquid  evaporated  along  the  line  AB  at  A'^is  AX/ AB,  and 
the  same  percentage  is  also  ax/ah  j  hence  these  two  ratios  are 
equal. 

Adiabaties  on  the  T  <p  diagram  are  verticals,  and  corresponding 
adiabatics  can  be  drawn  on  the  ]?  v  diagram  by  the  above  rule. 
If  the  steam  is  dry  as  at  3,  we  see  that  after  adiabatic  expansion 
it  is  wet  in  the  proportion  1,  6  steam  and  6,  4  water.  The  per- 
centage of  dryness  is  1,  G/1,  4.  This  percentage  can  be  read  from 
the  figure,  or  taken  direct  from  the  table,  for  1  6  is  the  sum  of 
1  5  and  2  3,  both  tabular  values  as  well  as  1  4. 
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It  is  apparent  that  if  we  have  any  one  point  on  an  indicator 
diagram  for  which  we  know  the  state  of  the  steam,  we  can  trans- 
fer the  whole  diagram  to  the  Tcp  coordinates,  and  read  off  on  it 
the  heat  changes.  A  few  easy  exercises  may  be  suggested. 
Boiler  pressure  being  80  pounds  and  exhaust  into  the  atmosphere^ 
then,  excluding  action  of  the  cylinder  walls  : 

(1)  If  steam  is  dry  at  the  cut-off,  how  much  moisture  will  it 
contain  at  the  end  of  the  expansion  ? 

(2)  If  steam  contains  15  per  cent,  moisture  at  beginning  of  ex- 
pansion, how  much  will  it  have  at  10  pounds  pressure  ? 

(3)  If  all  water  is  turned  into  the  cylinder,  how  much  of  it  will 
be  steam  at  40  pounds  pressure,  at  half  stroke,  at  temperature 
of  240  degrees  ?    ' 

(4)  Draw  an  adiabatic  on  the  j?)  v  diagram,  by  transfer  from 
the  T(p  diagram  corresponding  to  initially  dry  steam,  and  to  steam 
containing  10  per  cent,  moisture. 

(5)  If  the  steam  is  assumed  to  have  initially  15  per  cent,  moist- 
ure, and  to  expand  along  the  hyperbolic  curve,  draw  this,  trans- 
fer it  to  the  Tcp  diagram,  and  find  how  much  heat  the  steam 
received  or  rejected  during  expansion. 

(6)  Assume  in  previous  case  that  the  steam  is  exhausted  at  10 
pounds  pressure. 

(7)  Suppose  case  of  steam  pump  and  no  expansion  ;  transfer 
diagram  to  Tq). 

(8)  What  are  termed  the  equations  to  the  steam  adiabatics  really 
relate  only  to  the  Tcp  diagram.  Every  purpose  for  which  they 
are  used  is  served  by  direct  reference  to  it,  and  the  equations  in 
question  are  merely  the  algebraic  statement  that  a  pair  of  adia- 
batics are  everywhere  equidistant.  For  example,  the  equation 
to  the  adiabatic  3  6  is  : 

2  3  =  56 

=16-15 
cp^-x  cp^  -  (ro  —  n)  ; 

T  X  L 

now,  <P2  =-^^  and  x  cp^  =  -^;  and  since  the  heat  along  1  2  is 

±1  J-i 

proportional  to  the  rise  in  temperature,  1  2  is  a  logarithmic  curve, 

T. 

and  the  tabular  value  (r.,  -  Tj)  =  log^   -^  ;  hence  the  equation  is : 

T  T  nr 

9?  =  ^^,  -  log,  ^',  and  so  on,  with  slight  variation 

in  form  for  an  adiabatic  drawn  through  any  point. 
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If,  after  completing  the  evaporation  at  the  point  3,  further  heat 
is  added  to  the  steam,  it  will  be  superheated  ;  and,  leaving  the 
horizontal  line,  the  temperature  ordinate  will  increase  in  length 
in  proportion  to  the  heat  added.  After  considerable  superheat- 
ing, the  specific  heat  of  steam  gas  may  be  considered  constant, 
and  the  line  3  7  (Fig.  121)  is  a  logarithmic  curve,  the  entropy  for  a 


T-  T- 

rise  from  To  to  T-  being  Clogg  ^'  =  .408  log  ~. 


The    curve, 


however,  if  data  are  available,  may  be  drawn  and  used  to  solve 
any  problems  involving  superheated  steam. 


Fig. 121. 


Refrigeration. — Similar  diagrams  may  be  used  for  the  refrigera- 
tion cycle  when  a  liquefiable  gas  is  used.  Under  what  is  known  as 
wet  compression,  the  evaporation  in  the  refrigerator  is  stopped 
at  the  point  6.  The  mixture  is  then  compressed  along  the  adia- 
batic  6  3,  after  which  the  gas  is  condensed,  the  heat  being  re- 
moved along  the  line  3  2  1  ;  2  being  the  temperature  of  the  con- 
denser, the  heat  of  the  liquid  2  1  is  removed  at  the  expense  of  the 
refrigerator,  and  must  be  deducted  from  the  gross  refrigerating 
effect,  namely,  the  heat  taken  up  along  the  line  1  6.  When  the 
liquid  is  fully  evaporated  in  the  refrigerator,  the  compression  is 
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aloug  the  line  4  7,  the  gas  being  superheated  to  7,  then  cooled 
and  liquefied  along  7  3  2,  the  work  in  each  case  being  the  closed 
area  above  1  4. 

Perfect  Gases.— Fov  perfect  gases  we  have  a  much  larger  area 
of  exj^lored  territory,  and  for  every  point  where  the  characteristic 

equation 

PV=PiT 

holds  true,  we  can  pass  from  one  diagram  to  the  other  with  the 
greatest  facility.  E  being  a  constant,  we  obtain  at  once  the 
value  of  T  corresponding  to  any  pair  of  concurrent  values  of 
P  F  by  simple  arithmetic  or  geometrical  construction.  (Fig.  122.) 
"We  also  know  the  rates  at  which  heat  is  added  when  the  pressure 
and  also  when  the  volume  remain  constant.     These  are  the  spe- 
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Fig.  122. 

cific  heats,  which  we  will  name  m  and  n.  "We  have  seen  that  when 
heat  is  added  at  a  fixed  rate  of  m  or  n  units  per  degree  rise  of 
temperature,  the  curve  traced  by  the  extremity  of  the  travelling 
temperature  ordinate  is  the  logarithmic  curve,  and  the  entropy  in 

passing  from   T^  to  T^  is  m  log^  ^  and  n  log^  ^,    respectively. 

These  being  fixed  curves,  they  may  be  cut  out  once  for  all  and 
marked  constant  ])ressure  curve  and  constant  volume  curve,  re- 
spectively. All  usual  thermodynamic  problems  relating  to  perfect 
gases  may  then  be  solved  on  the  drawing  board.  Su])pose,  for 
example,  we  wish  to  transfer  the  points  1  and  2  from  the  p  v 
coordinates  to  the  Tcp  coordinates,  and  thereby  determine  the 
heat  imparted  or  removed  in  passing  from  1  to  2  : 

Draw  a  line  of  equal  pressure  through  1,  meeting  a  line  of 
equal  volume  through  2  in  3.  Then  T^,  To,  and  T^  may  be  found 
by  calculation,  or  by  finding  a  fourth  proportional  to  P,  B,  and 
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y,  bj  construction.  Bj  these  means  we  obtain  the  three  isother- 
mals,  Ti,  T.2,  T,,.  We  may  select  the  point  1  on  Tj  at  any  con- 
venient  place,  since  it  is  only  the  relative  positions  of  the  points 
we  desire.  Then  setting  our  constant  j^ressure  curve  at  Ti,  we 
draw  by  means  of  it  the  line  1  3 ;  this  determines  point  3.  Now 
take  the  constant  volume  curve,  set  it  at  temperature  3,  and  draw 
the  line  3,  2.  This  fixes  the  point  2.  For  an  accurate  determiua- 
tion  of  the  amount  of  heat  added  or  removed  in  passing  from  1 
to  2,  it  is  necessary  to  take  intermediate  points  tolerably  close 
together,  iinless  the  line  joining  them  is  some  determinate  path. 
However,  in  the  heat  diagram  the  height  is  so  very  much  larger 
than  the  width,  that  very  little  error  is  made  iu  treating  it  as  a 
trapezoid,  and  obtaining  its  area  by  multiplying  its  width  (the 
change  iu  entropy)  by  the  average  value  of  T. 
We  may  note  : 

(1)  If  the  point  (2)  falls  to  the  right  of  (1)  on  the  T(p  diagram, 
heat  is  added  iu  passing  from  1  to  2. 

(2)  If  (2)  lies  to  the  left  of  (Ij,  heat  is  removed  iu  passing  from 
(1)  to  (2). 

(3)  If  1  and  2  are  on  an  isothermal,  we  should  have  found 
Tj=  jPj,  and  the  point  (2)  would  have  been  found  by  the  same 
construction. 

(4)  If  1  and  2  are  on  an  adiabatic,  the  line  of  constant  volume 
would  have  intersected  T^  on  the  vertical  through  (1). 

In  applying  this  method  to  an  ordinary  indicator  diagram  a 
practical  difficulty  would  be  encountered,  from  the  fact  that  the 
scale  of  the  diagram  would  be  variable.  We  can  easily  calculate 
the  entropy  in  passing  from  (1)  to  (2 ),  and  thus  avoid  the  necessity 
of  using  an  auxiliary  point  (3j. 

The  entropy,  or  distance  between  the  two  verticals,  is  obviously 
the  sum  of  the  projections  of  the  curves  1  3  and  3  2,  considering 
the  latter  as  negative,  since  it  is  drawn  backwards. 

Now,  the   projection    of   the    constant    pressure    curve  1  3  is 

T  V. 

m  loge  yff'  which  may  be  written   m   log^  -j^^  since    the   pressure 

being  constant  during  this  period  the  temperature  varies  as  the 
volume,  and  V^  is  the  same  as   Vo. 

The  projection  of   the  constant  volume  curve  3  2  is  —  n  log^ 

_|  r=  n  logg  y^i  which    may    be    written  +  n   log    ^^^    since    the 
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volume  being  constant,  the  temperature  is  proportional   to    the 
pressure,  and  P3  =  Pi.     Hence 

<p  =  m  log,  Y  +  n  log, -p-.=* 

By  means  of  this  equation  and  the  relation  PV=  RT,  we 
can  examine  the  heat  changes  of,  for  example,  a  gas-engine 
diagram.  Such  an  examination  of  an  actual  diagram  from  a 
Hornsby- Akroyd  oil  engine  is  given  below,  the  values  of  T  and  cp 
for  ten  points  on  the  curve  having  been  calculated. f     (Fig.  123.) 


Fig.  133. 

Some  uncertainty  attaches  itself  to  the  value  to  be  assigned  to 
tn  and  n.  By  a  process  of  approximation  usual  in  this  connec- 
tion, and  which  cannot  be  far  from  the  truth,  tlie  value  of  m  has 
been  taken  as  .246  on  the  compression  curve  and  .26  on  the 
expansion  curve,  while  n  is  taken  at  .176  on  the  compression  and 
.189  for  the  expansion  curve.  One  of  the  conveniences  of  this 
method  is  the  fact  that  we  can  draw  our  diagram  to  any  cou- 

*  If  #  =  0,  both  the  points  lie  on  the  same  adiabatic,  and  this  expression  is  its 
equation.     It  may  be  written  . 


{w=m 


PjTj*  =PiFi',  its  usual  form,  and  generally 
obtained  by  integration  of  a  difEerential  equation.  It  will  be  observed  that  the 
final  integrations  for  elementary  problems  in  thermodynamics  are  of  the  simplest 
possible  character  and  can  be  avoided  altogether  on  assumptions  such  as  are  quite 
usual,  as,  for  example,  in  applying  the  hyperbolic  curve  to  the  indicator  diagram, 
t  77ie  Oil  Engine.  G.  Richmond,  Transactions  Eng.  Soc.  of  Columbia  Univ., 
1896-97. 
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veuieut  scale  without  assuming  any  value  for  T.  When  s&bse- 
queutly  a  vahio  is  either  ascertained  by  experiment  or  assigned, 
the  scale  ot"  T  may  be  written  in  the  same  diagram,  and  of 
course  serve  for  any  other  value  of  T  by  simply  noting  the 
change  of  scale. 

In  the  same  manner  ordinary  logarithms  may  l^e  used  in  calcu- 
lating ^,  and  any  convenient  scale  for  plotting  the  results  and  for 
numerical  results,  the  actual  value  of  the  entropy  scale  can  be 
readily  ascertained.  From  the  table  of  values  it  is  evident  that 
the  compression  curve  is  practically  an  adiabatic,  the  slight 
accession  of  heat  from  the  warm  cylinder  during  the  commence- 
ment of  the  stroke  being  compensated  by  the  rejection  during 
the  latter  part  of  the  stroke,  and  both  being  too  small  to  be  shown 
on  the  heat  diagram  with  the  scale  used.  While  the  bulk 
of  the  heat  is  added  at  the  time  of  the  ignition,  sufficient  is 
added  during  the  time  of  expansion  to  carry  the  expansion 
curve  above  an  isothermal.  The  heat  due  to  this  retarded 
combustion  is  really  verj-  much  greater  than  the  figure  shows, 
since,  during  this  time,  heat  has  been  escaping  through  the 
walls.  It  is  obvious,  from  the  following  table,  that  with  care- 
ful measurement  relatively  very  small  additions  of  heat  are 
measurable. 


PY 

T 
T 

.176  log;;  +  .246 log  v 

*-* 

1 

475 
545 
600 
661 
706 

1.000 
1.147 
1.2G3 
1.391 
1.486 

6094 
6149 
6159 
6154 
6095 

2 

—55 

3 

10 

4 

—  5 

5 

—59 

.189  log  p  +   .26  log  V 

6 

6 

1391 
1404 
1438 
1460 

1428 
1300 

2.928 
2.956 

3.027 
3.073 
3.00G 
2.800 

6943 
7045 
7183 
7268 
7313 
7308 

854 
102 

7 

188 

8 

85 

9 

45 

10 

—  5 

The  diagi'ams  representing  the  theoretical  heat  relations  in  the 
various  types  of  internal  combustion  engines  are  very  easily 
di'awn,  and  will,  on  the  face  of  them,  demonstrate  the  fallacy  of  a 
number  of  popular  ideas,  such  as,  for  example  : 
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(1)  That  the  Carnot  cycle  has  any  significance,  whatever,  as  a 
measure  of  the  efficiency  of  the  ordinary  Otto  cycle.  It  is  not 
unusual  to  insert  the  enormously  high  temperatures  obtaining  in 
the  gas  engine  in  the  ratio 

and  from  the  result  thus  obtained  argue  that  the  gas  engine  is  theo- 
retically capable  of  utiliziug  70  or  80  per  cent,  the  heat  supplied. 

(2)  That  a  Carnot  cycle,  if  obtained,  must  necessarily  be  more 
efficient  than  the  Otto  cycle,  with  the  same  amount  of  initial 
compression. 

(3)  That  the  heat  flowing  into  the  jacket,  if  suppressed,  would 
be  converted  into  work.  It  would  be  seen  that  the  effect  would 
be  to  throw  the  bulk  of  this  heat  into  the  exhaust,  where  it  belongs. 

Obtaining  Low  Temperature. — It  may  be  interesting  to  examine 
by  this  method  the  principles  underlying  the  recently  developed 
methods  of  obtaining  very  low  temperatures. 


.,^'- 

To 

1           Wn      ■ 

-y 

W.; 

Ri 

R3 

Ro 

Tj 

Fig.  124. 


(1)  The  Stejy-by-Stej?  Method. — The  physical  properties  of  the 
agents  used  preclude  the  possibility  of  using  any  one  for  an 
extreme  range  of  temperature.  Bj'  using  several  Ave  obtain  many 
of  the  advantages  secured  to  the  steam  engine  by  compounding, 
together  with  the  additional  advantage  of  using  the  agent  best 
suited  to  the  particular  range  of  temperature  for  which  it  is  used. 
Assuming  the  Carnot  cycle,  we  have  first  a  machine  Avhich,  by  the 
expenditure  of  the  work  TF^,  lifts  an  amount  of  heat  7?,  from  the 
level  jT,  to  T^,  where  it  discharges  it,  together  Avitli  IF,,  in  the 
shape  of  heat.  The  heat  7?j  may  come  from  an  insulated  vessel 
which  is  maintained  at  the  temp.  T^.     A  second  machine,  by  doing 
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the  work  TF^,  lifts  the  heat  7?,  from  the  temp.  T.^  to  T^  and  discharges 
into  the  vessel  from  which  TT^,  lifts  it  to  temp.  7^„.  W.,  in  a  third 
machine  ma}'  be  applied  to  lift  the  heat  R^  from  T^  to  T„  and 
discharge  it  into  the  refrigerator  of  the  next  machine,  and  so  on. 
(2)  A'/)'  Machine  with  R<?gener<^tor  (Fig.  125). — Air  is  compressed 
adiabatically  from  1  to  2  ;  it  is  cooled  to  its  original  temperature  T^ 
by  removing  heat  along  the  line  of  equal  pressure  2  3.     It  is  then 


Fig.  125. 

expanded  along  the  adiabatic  3  4,  reaching  the  temperature  T,. 
The  cold  air  then  takes  up  heat  along  the  line  4  1.  It  can  continue 
to  receive  heat  only  until  some  temperature  intermediate  between 
T^  and  T^,  since  the  refrigerator  is  always  at  a  temperature 
lower  than  T^.  Let  this  be  T^,  then  the  heat  received  from  5  to  1 
is  wasted.  Theoretically  compression  could  take  place  along  the 
line  5  5j  if  the  air  were  taken  out  of  the  refrigerator,  but  the 
impossibility  of  keeping  the  cylinder  cool  enough  practically 
destroys  this  advantage.  But  by  means  of  an  interchanger, 
which,  in  this  connection,  is  termed  a  regenerator,  the  heat  from 
5  to  1,  instead  of  being  taken  from  outside  objects,  may  be  utilized 
to  cool  the  compressed  air  along  the  line  3  6,  so  that  when  expan- 
sion takes  place  along  the  adiabatic  6  7  the  final  temp,  will  be  T^, 
which  is  lower  than  T^.  This  lower  temperature  heat  can  be 
used  on  the  next  trip  to  reduce  still  further  the  temperature 
at  which  the  expansion  takes  place.  Thus  the  effect  is  cumula- 
tive ;  but  it  must  be  observed  that  the  expansion  cylinder  has  to 
be  kept  colder  and  colder  as  the  process  proceeds,  which  puts  a 
practical  limit  to  it. 

(3)  Air  Machine  with  Regenei^ator  and  no  Expansion  Cylin- 
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der. — It  is  well  known  that  air  is  not  a  perfect  gas,  and  Profes- 
sor Linde  lias  had  the  happy  idea  of  ntilizing  this  fact  to  abol- 
ish tlie  expansion  cylinder,  and  at  the  same  time  to  utilize  the 
regenerative  effect  to  obtain  temperatures  sufficiently  low  to  liquefy 
the  air  itself.  If  air  were  a  perfect  gas  the  heat  discharged  along 
the  line  2  3  would  be  exactly  equivalent  to  the  work  done  on  the 
air  iu  the  compression  cylinder,  and  the  heat  received  along  the 
line  4  1  would  be  exactly  equivalent  to  the  work  done  by  the  air 
in  the  expansion  cylinder.  When  a  liquefiable  gas  is  used,  as  we 
see  b}'  reference  to  Fig.  119,  the  work  done  in  the  compressor  is  a 
small  part  of  the  heat  discharged,  and  the  work  done  in  the  ex- 
pansion cylinder  is  relatively  so  small  as  to  be  omitted.* 

Nov/,  in  an  imperfect  gas  there  is  present  a  molecular  interac- 
tion, not  sufficient  to  cause  liquefaction,  but  when  made  active  by 
pressure  it  is  sufficient  to  transform  a  certain  amount  of  heat. 
Thus  the  heat  discharged  along  2  3  is  a  trifle  more  than  the  equiva- 
lent of  the  work  done,  and  the  heat  received  along  4  1  is  a  trifle 
more  than  the  equivalent  of  the  work  done  in  the  expansion 
cylinder.  This  being  understood,  suppose  the  expansion  cylinder 
suppressed,  and  the  air  allowed  to  rush  into  an  insulated  vessel. 
If  we  concentrate  our  attention  on  the  issuing  air  we  find  that  the 
work  which  would  have  been  done  on  the  piston  is  done  on  the  air 
itself;  it  will  be  instantly  cooled,  the  cooling  being  the  equivalent 
to  the  kinetic  energy  of  its  motion  as  a  whole.  But  in  time  it  is 
brought  to  rest,  this  kinetic  energy  is  reconverted  into  heat,  and 
if  it  were  a  perfect  gas  its  final  temperature  would  be  that  which 
it  had  before  being  released  from  pressure.  But  being  an  im- 
perfect gas,  the  molecular  action  set  fi'ee  by  the  release  from 
pressure  asserts  itself,  and  heat  must  be  supplied  from  the  air 
itself  to  permit  its  operation.  Hence,  the  final  temp,  is  a  little 
lower  than  T^^.  In  short,  we  have  a  certain  initial  refrigeration 
without  the  expansion  cylinder.  The  nearer  the  air  approaches 
the  critical  point  the  greater  the  molecular  work,  and  the  more 
rapidly  the  cooling  proceeds.  These  facts  also  explain  why  the 
carbonic  acid  machines  continue  the  refrigerating  work  after  the 
critical  point  has  been  passed  even  when  no  expansion  cylinder 
is  used,  the  gas  being  very  imperfect  for  temperatures  near  the 
critical  point. 


*  See  also  notes  on  the  refrigerating  process.     Transactions,  American  Society 
Mechanical  Eugiueers,  vol.  xiv.,  p.  224. 
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It  is  hoped  that  the  few  examples,  purposely  drawn  from  famil- 
iar subjects,  may  serve  to  stimulate  inquiry;  and  to  facilitate  such 
inquiry  an  effort  has  been  made  to  present  the  "state  of  the 
art"  up  to  date,  rather  than  to  impart  a  knowledge  of  the  same. 

DISCUSSION. 

Mr.  Win.  Kent. — It  may  be  remembered  that  at  the  Hartford 
meeting  of  this  Society  last  spring,  I  requested  Mr.  Eichmond  to 
present  a  little  treatise  on  "  Thermodynamics  without  the  Calcu- 
lus." I  do  not  know  of  any  discussion  in  the  English  language 
to-day  which  is  suited  for  what  might  be  called  kindergarten 
stage  of  knowledge  concerning  this  subject.  I  had  trusted  that 
he  would  not  have  been  afraid  to  compromise  the  dignity  of  the 
Society,  and  that  of  its  members,  by  an  elementary  discussion 
for  the  benefit  of  those  of  us  who  know  little  of  vector  quantities 
and  denotations,  and  all  that.  I  thank  him  for  what  he  has 
done,  and  can  only  regret  that  he  has  presented  the  state  of  the 
art  up  to  date  rather  than  to  have  attempted  to  impart  a  knowl- 
edge which  too  many  persons  have  had  to  go  without. 

Mr.  Geo.  Richmond.'^ — The  writer's  attention  has  been  called 
to  the  fact  that  Mr.  W.  W.  Bird  used  the  temperature-entropy 
diagram  in  a  paper  read  before  this  Society,  and  mention  has 
been  made  of  it  in  a  foot-note  in  its  j^roper  place.  In  this  case  the 
coordinates  are  reversed,  but  it  goes  to  show  that  the  adapta- 
bility of  the  method  has  forced  itself  independenly  upon  a  num- 
ber of  investigators. 

It  has  also  been  suggested  that  the  method  of  transferring 
points  from  the  indicator  diagram  to  the  temperature-entropy 
diagram  could  be  further  elucidated  with  advantage.  For  heat 
engines  using  a  vapor  very  full  details  will  be  found  in  vol.  xiv., 
pages  214  to  228.  For  gases  the  corresponding  points  on  the 
temperature-entropy  diagram  are  obtained  from  the  well-known 
formulas  : 

T=^ (1) 

9>=0^1og,^+  C;iog,^     ....      (2) 

In  place  of  the  first  of  these  any  of  the  formulas  giving  the 
relation  for  imperfect  gases  may  be  used,  as,  for  example,  that 
*  Author's  closure,  under  the  Rules. 
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of  Lecloux  or  that  of  De  Volson  Wood.  In  auy  case  all  the 
quantities  on  the  right  hand  of  the  equations  are  known.  In 
the  case  of  vapors  the  principal  lines  of  the  diagram  may  be 
drawn  once  for  all,  but  for  gases  it  is  better  to  construct  it  point 
by  point.  When  studying  the  questions  relating  to  perfect  gases, 
Cjj  log  N  cp  Cr  log,,  may  be  cut  out  in  wood  and  used  as  described 
in  the  text,  but  for  the  reason  explained  they  cannot  be  used  to 
transfer  directly  points  from  an  actual  indicator  diagram,  since 
the  scales  vary  in  each  case.  To  construct  these  curves  take 
any  table  of  hyperbolic  logarithms,  plot  for  abscissas,  the 
product  of  the  log  by  Cp  cp  C,,  respectively,  the  ordinates  being  in 
each  case  the  natural  numbers  themselves. 
33 
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DCCLXXII. 

PROCEEDINGS 

OF     THE 

NIAGARA    FALLS   MEETIKG 

(XXXVIIth) 


A3IEPiICAN  SOCIETY  OF  MECHANICAL  ENGmEERS, 

May  31st  to  June  3d,  1898. 


The  convention  of  the  American  Society  of  Mechanical  Engi- 
neers, at  Niagara  Falls,  N.  Y.,  was  an  interesting  one,  as  being 
the  first  successful  attempt  on  the  part  of  the  Society  to  con- 
duct a  meeting  without  incurring  obligation  on  the  financial 
side  in  the  city  where  the  convention  was  held.  While  there 
are  interested  and  active  members  of  the  Society  in  Buffalo  and 
the  other  cities  of  the  western  part  of  New  York  State,  yet  they 
were  specifically  and  directly  requested  to  permit  the  members 
of  the  Society  to  pay  their  own  way  and  meet  their  own  ex- 
penses. The  Engineers'  Society  of  Western  New  York,  learning 
of  the  intention  of  the  Society  to  hold  a  Niagara  Falls  meeting, 
appointed  a  committee  to  make  arrangements  for  the  pleasure 
and  comfort  of  the  Society,  and  to  that  committee  great  recog- 
nition is  due  for  their  interest  in  its  details.  Mr.  W.  C.  John- 
son, engineer  for  the  Niagara  Falls  Hydraulic  Power  Company, 
was  made  the  chairman  of  this  committee  of  arrangement,  but 
in  all  details  of  transportation  and  in  the  ex])enses  of  the  recep- 
tion, it  was  made  possible  for  the  pleasure  of  the  members  to  be 
secured  without  the  expenditure  of  money  by  their  hosts.  In 
this  respect  the  Niagara  Convention  is  a  noteworthy  one. 

Mr.  Johnson  called  the  opening  session  to  order  and  intro- 
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diiccci  the  Hon.  Artliur  Hastings,  Mayor  of  Niagara  Falls,  who 
welcomed  the  Society  to  the  opportunities  of  his  city.  This 
session  and  Jill  the  business  sessions  were  convened  in  the 
assembly  room  of  the  Cataract  Hotel,  in  which  headquarters 
were  conveniently  located.  After  suitable  rej^ly  by  the  Presi- 
dent, Mr.  Charles  "Wallace  Hunt,  who  occujoied  the  chair  all 
through  the  meeting,  the  Society  listened  to  a  paper  by  Mr. 
Coleman  Sellers,  engineer  for  the  Cataract  Construction  Com- 
pany and  the  Niagara  Falls  Power  Company,  illustrated  by 
lantern  slides  from  photographs  and  drawings.  Mr.  W.  A. 
Brackenridge,  engineer  for  the  compauv,  also  cooperated  with 
Dr.  Sellers. 

Second  Session.    Wednesday  Morning,  June  1st. 

This  session  was  made  the  opportunity  for  business.  It  was 
called  to  order  by  the  president  at  10.30.  The  register  in  head- 
quarters showed  the  following  members  in  abtendance  : 


Albree,  Chester  B. 
Almoud,  Tbos.  R. 
Angus,  Robt. 
Atwater,  C.  G. 
Baker,  F.  D. 
Eaker,  Clias.  W. 
Bartlett,  G.  B. 
Barnaby,  C.  W. 
Bates,  A.  H. 
Beach,  C.  S. 
Bellows,  L.  E. 
Benjamin,  Chas.  H. 
Bird,  ^X.  W. 
Bole,  Wm.  A. 
Bourne,  S.  X. 
Boyer,  Francis  H. 
Boyd,  H.  A. 
Brown,  F.  G. 
Brown,  L.  L. 
Bryan,  Wm.  H. 
Buchanan,  A.  W. 
Biilkley,  H.  W. 
Bump,  B.  X. 
.Burbauk,  L.  S. 
Camp,  Geo.  E. 
Capen,  Thos.  W. 
Oarlton,  Newcomb. 
Cassier,  Louis. 
Cheney,  W.  L. 


Christie,  .Jas. 
Cloudsley,  ,J.  B. 
Cogswell   W.  B. 
Colvin,  F.  H. 
Conaut,  Wm.  L. 
Conrad  er,  R. 
Cooper,  H.  R. 
Culling  worth,  Geo.  R. 
Detrick,  J.  S. 
Dow,  Chas.  M. 
Earll,  Chas.  I. 
Fawcett,  Ezra. 
Fickiuger,  P.  .J. 
Flinn,  Thos.  F. 
Foster,  Chas.  E. 
Fryer,  Geo.  G. 
Gabriel,  Wm.  A. 
Garfield,  L.  M. 
Garrett,  \A'm. 
Glenn,  H.  F. 
Gobeille,  J.  L. 
Granger,  A.  S. 
Gray,  Thos. 
Griess,  Justin,  Jr. 
Greene,  C.  E. 
Guthrie,  E.  B. 
Hand,  F.  L. 
Hammett,  II.  G. 
Hartuess.  Jas. 


Haskins,  H  S. 

Henning,  G.  C. 

Horton,  Jno.  T. 

Hugo,  T.  W. 

Hunt,     Charles     Wallace, 

President. 
Hunt,  F.  W. 
Hutchinson,  .J.  A. 
Hutton.  F.  R.,  Secretary. 
Jacobs,  Ward  S. 
Keep,  W.  J. 
King,  C.  C. 
KirchhoflF,  C. 
Laforge,  F.  H. 
Lane,  H.  M. 
Leitch,  Meredith. 
Lodge,  Wm. 
Low,  F.  R. 
Lufkin,  E.  C. 
Mackintosh,  Frank. 
Magruder,  W.  T. 
Mason,  H.  I. 
McBride,  James. 
jMcDonald,  C.  F. 
McKechnie,  R.  R. 
McLeod,  Wm.  C. 
Meier,  E.  D. 
Melvin,  D.  X. 
Merrill,  G.  H. 
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Meyer,  II.  C. 
-Mesta,  George. 
Miller,  F.  J. 
^lorsrau,  C.  H. 
Morris,  H.  G. 
Morse,  C.  M. 
Netf,  E.  H. 
Newba]],  J.  B. 
Xicoll,  C.  11. 
Otis,  Spencer. 
Faiks,  E.  il. 
Porter,  H.  F.  J. 
Quimby,  W.  E. 
Reeci.  W.  E. 
Reeve,  C.  D. 
Richards,  C.  B. 


Richmond,  Geo. 
Richmond,  K.  C. 
Rites,  F.  M. 
Roberts,  Wra. 
Robinson,  A.  W. 
Robinson,  S.  W. 
Sabin,  A.  H. 
Sawyer,  ITarry. 
Scott,  Geo.  11. 
Sellers,  Coleman. 
Serrell,  Jno.  A. 
Sparrow,  E.  P. 
Stanwood,  .J.  B. 
Stearns,  Albert. 
Stiles,  N.  C. 
Snplee,  H.  H. 


Sweet,  Jno.  E. 
Taber,  Geo.  II.,  Jr. 
Tabor,  Harris. 
Varney,  W.  W. 
Wallace,  D.  A. 
Wallace,  Wm. 
Warner,  Worcester  R. 
Warren,  Jno.  E. 
Watson,  II.  D. 
Weeks,  Geo.  W. 
Wellman,  Chas.  H. 
Wellman,  S.  T. 
Whittier,  has. 
Wiley,  Wm.  H. 
Winther,  C.  A.  G. 


Pursuant  to  tlie  usual  policy,  of  reducing  the  routine  business 
of  the  spring  meeting  of  the  Society  to  its  lowest  terms,  the 
only  two  items  of  business  presented  were  the  notice  by  the 
Secretary,  of  amendments  to  the  rules  to  be  acted  on  at  the 
annual  meeting  in  November,  and  the  report  of  the  tellers  of 
election. 

Article  10  is  to  be  supplemented  by  the  addition  at  its  close 
of  the  following  : 

"Applications  for  membership  from  engineers  who  are  not  resident  in  Xorth 
America,  and  who  may  be  so  situated  as  not  to  be  personally  known  to  five  mem- 
bers of  the  Society,  as  required  in  the  foregoing  paragraph,  may  be  recommended 
for  ballot  by  five  members  of  the  Council,  after  sufficient  evidence  has  been 
secured  which  shall  show  that  in  their  opinion  the  applicant  is  worthy  of  admis- 
sion to  the  grade  which  he  seeks." 

And  the  sentence  in  that  same  article  which  now  reads,  "  He 
must  refer  to  at  least  five  members  or  associates,  personally 
known  to  him,"  is  to  be  changed  so  as  to  read,  "  He  must  I'efer 
to  at  least  five  members  or  associates  to  whom  he  is  personally 
known."  The  final  sentence  of  the  present  article  is  to  be 
similarly  changed,  and  the  words  "  personally  known  to  him," 
are  to  be  changed  to  "  to  whom  he  is  personally  known." 

The  report  of  the  tellers  of  election,  concerning  the  members 
seeking  to  join  the  Society  at  this  convention,  was  read,  as 
follows : 

REPOltT    OF    THE    TELLERS    OF    ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council  to 
act  as  tellers  (under  Eule,  13),  to  scrutinize  and  count  the  ballots 
cast  for  and  against  the  candidates  proposed  for  membership  in 
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tlie  American  Society  of  Mechanical  Enpjineers,  and  seeking  elec- 
tion before  the  tliirty-seventh  meeting,  Niagara  Falls,  N.  Y.,  18i)8. 
They  Lave  met  upon  the  designated  day  in  the  house  of  the 
Society,  and  have  proceeded  to  discharge  their  duty.  Tliey 
would  certify  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  persons  whose  names  appear  on 
the  appended  list,  to  their  respective  grades. 

There  were  439  votes  cast  on  the  orange  ballot,  of  which 
seventeen  were  thrown  out  because  of  informalities  (the  mem- 
bers voting  having  neglected  to  indorse  the  sealed  envelope). 

John  C.  K.vfer,  i 

Gus  C.  Henning,        I  of  Election. 

H.    H.    SUPLEE, 

Geo.  H.  PiiCHMOND,  J 


Ames,  Jos.  H. 
Anderson,  Robt.  M. 
Barth,  C.  G.  L. 
Benns,  Chas,  P. 
Blackwell,  J.  L. 
Bray,  Tbos.  J.,  Jr. 
Burbank,  L.  S. 
Etnrie.  Aliuon. 
Greer,  R.  C. 
Grohmann,  C.  L. 
Hanna,  E.  E. 
Harris,  J.  F.  W. 

Bellows,  L.  E. 
Berg,  H.  O. 
Barnham,  H.  A. 

Bierbaum,  C.  H. 
Dewson.E.  H.,  Jr. 
McClelland,  E.  S. 


Elected  as  Members. 
Hitcbock,  E.  a. 
Howard-Smith,  S. 
Hubbard,  H.  De  F. 
Jobnsou,  H.  J. 
Leitch,  ^Meredith. 
Luther,  F.   S. 
XefF,  E.  II. 
Osgood,  Jobn  C. 
Pease,  Chas.  S. 
Pessano.  A.  C. 
Poole,  Herman. 
Reed,  Wm.  E. 


Reid,  J.  S. 
Replogle,  ^lark  A. 
Roberts,  W.  B. 
Sargent,  H.  B. 
Smith,  Ephriam. 
Sparrow.  J.  P. 
Stone,  J.  W. 
Tucker,  E.  D. 
Tyberg,  01  uf. 
"Washington,  Wm.  De  H. 
Williams.  Thos.  H. 
Winand,  P.  A.  X. 


Elected  as  Associates. 
Crouch,  C.  11.  Knight,  H.   S. 

Densmore,  Edw.  D.  Rogers.  Chas.  E. 

Jones,  C.  R.  Waddell,  Geo.  F. 


Promoted  to  Fcll  Membership. 

Xorris,  H.  M.  Prosser,  Jos.  G. 

Patitz,  A.  M. 
Prather,  H.  B. 

Elected  as  Junior  Members. 


Van  Trump.  Chas.  R. 


Allan,  Percy. 
Andrews,  Wm.  J. 
Ball.  B.  C. 
Blair,  A.  W. 
Broome„  E.  L. 
Chambers,  F.  R.,  Jr. 
Counett,  L.  R. 
Duncommun,  Edward. 
Ek strand,  Chas. 


Ennis,  W.  D. 
Fisher,  L.  D. 
Frothingham,  F.  E. 
Gott,  Jos.,  Jr. 
Griess,  Justin,  Jr. 
Harding,  Adalbert. 
Hillyer.  Geo.,  Jr. 
Jones,  David  T. 
Massey,  Geo.  B. 


Merrill,  Geo.  H. 
Mott,  Charles  S. 
Xeuhaus,  F.  A.  E. 
Orr,  A.  M.,  Jr. 
Sayers,  Jno.  H. 
Spillman,  E.  O. 
Stevens,  A.  H. 
Wiekhorst,  Max  H. 
Widdicombe,  Robt.  A. 
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On  behalf  of  the  Committee  on  Uniform  Standards  in  Methods 
of  Tests  and  Testing  Materials,  Mr.  Henning  reported  that  the 
experimental  furnace  for  which  certain  members  of  the  Society 
had  subscribed  the  necessary  purchase  money,  had  been  in- 
stalled  in  the  laboratories  of  Columbia   University,  and   that 
with  proper  pyrometric  appliances  the  committee  was  investi- 
gating the  laws  of  contraction  of  cast  iron  and  its  expansion 
during  the  process  of  cooling.      He  stated  that  those  points 
which'' were  so  clearly  defined  in  Mr.  Keep's  paper  on  cooling 
curves,  corresponded  probably  to  points  at  which  a  rearrange- 
ment takes  place  in  the  iron  itself  of  the  elements  composing 
it,  especially  carbon,  and  that  these  are  the  critical  points  which 
are  somewhere  at  temperatures  below  800  degrees.     He  hoped 
that  at  the  next  meeting  a  complete   report  connecting   these 
points    of   recalescence    in    cast  iron  under  rising   and  falling 
temperatures,  as  well  as  the  behavior  of  wrought  iron  and  steel 
of  various  carbons,  can  be  presented  to  complete  the  series  of 
reports  which  have  already  been  made  to  the  Society. 

The  Secretary  made  official  announcement  of  the  death  of 
Sir  Henry  Bessemer,  honorary  member  of  the  Society,  at  his 
home  in  England,  on  March  15th,  18'J8.  It  had  been  the  desire 
and  intention  of  the  Council,  that  a  memorial  monograph  in 
preparation  by  Mr.  James  Dredge,  of  England,  shoidd  be  pre- 
sented at  this  spring  session,  which  should  thereby  be  made 
in  a  sense  a  memorial  session  in  recognition  of  the  services 
which  the  Bessemer  inventions  and  machinery  had  done  for 
mechanical  engineering  the  world  over.  Mr.  Dredge's  plans 
had  been  frustrated,  so  that  the  text  of  the  paper  was  not  m 
hand  for  presentation  at  the  meeting,  but  by  direction  of  the 
Council  it  was  presented  by  title  in  this  way,  with  a  view  to  its 
incorporation  as  one  of  the  papers  of  this  meeting,  into  the 
volume  of  Transactions  for  the  current  year. 

The  professional  papers  were  taken  up  in  their  order,  the 
Secretary  reading  the  first  paper,  which  was  by  Mr.  Geo.  H. 
Barrus,  and  entitled,  "  Plea  for  a  Standard  Method  of  Con- 
ducting Engine  Tests,"  which  was  followed  by  Mr.  Bryan 
Doukin's  paper  on  "  Extension  of  the  Standard  Uniform  Meth- 
ods of  Conducting  and  Keporting  Steam  Engine  Tests."  The 
discussion  on  these  papers  was  taken  up  jointly  after  the  reading 
of  the  second  one,  and  was  participated  in  by  Messrs.  Stan- 
wood,  Carpenter,  Magruder,  Barnaby,  Boyer,  S.  W.  Eobinson, 
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A.  Wells  Kobiusoii,  Meier,  Heuuiug,  Christie,  and  Suplee. 
At  the  close  of  the  debate,  which  had  a  distinct  trend  towards 
the  advisability  of  appointing  a  committee  to  consider  the  sub- 
ject, Colonel  Meier,  of  St.  Louis,  arose  : 

CoJ.  E.  D.  ]\[c('er.~l  move  that  the  Council  be  empowered  to 
constitute  or  to  appoint  a  committee  of  seven  to  take  up  this 
matter  of  uniform  methods  of  conducting  and  reporting  steam- 
engine  tests,  in  the  most  general  manner,  as  suggested  bj  Mr. 
Barrus  and  Mr.  Donkin ;  and  of  course  all  the  points  brought 
up  in  debate  can  be  taken  up  by  the  committee. 

Jlr.  Gustavus  C.  Ilenning. — I  second  the  motion  ;  only  I  w^ould 
suggest  that  the  number  of  members  be  reduced  from  seven, 
because  in  the  work  of  other  committees  the  assembling  of  such 
a  large  number  has  been  found  exceedingly  difficult,  and  the 
work  would  progress  if  the  number  w^ere  reduced. 

Colonel  Meier. — I  will  amend  my  motion  and  make  the  num- 
ber five.     I  think  five  would  be  a  better  number. 

3fr.  Ihnn'mg. — It  is  simply  a  matter  of  expediency.  With 
that  amendment  I  second  the  motion. 

The  motion  was  carried. 

A  paper  by  Mr.  O.  C.  Woolson,  on  "  The  Hanging  and  Setting 
of  Fire  Tube  Boilers,"  was  discussed  by  Messrs.  Bissell,  Le  Van, 
Fawcett,  Br^^an,  Wm.  H.  Barnaby,  Boyer,  Henning,  Hugo, 
McBride,  C.  W.  Baker,  La  Forge,  Garrett,  Suplee,  Meier,  Bird, 
and  S.  W.  Robinson  ;  that  by  C.  W.  Baker,  on  "  What  is  the 
Heating  Surface  of  a  Steam  Boiler?  "  l)eing  discussed  by  Messrs. 
F.  W.  Dean,  Fawcett,  Wm.  H.  Bryan,  S.  W.  Eobinson,  Henning, 
Barnaby,  Hugo,  Meier,  Garrett,  Suplee,  Bird,  La  Forge,  McBride, 
and  C.  W.  Baker,  this  being  the  final  paper  of  that  session. 

At  the  close  of  the  meeting  the  courtesy  of  the  floor  was  given 
to  Mr.  Emile  C.  Geyelin,  the  A^eteran  hydraulic  engineer  and 
expert  in  water  wheels,  who  presented  some  facts  concerning 
the  propelling  plant  of  the  Niagara  Falls  Paper  Company.  The 
wheel-pit  was  described  as  wholly  excavated  out  of  rock,  156 
feet  deep,  with  a  width  of  42  feet  6  inches,  and  a  breadth  of  28 
feet  6  inches.  This  pit  receives  its  water  from  the  inlet  above 
the  Rapids,  and  discharges  at  the  bottom  into  a  7-foot  tunneL 
Three  turbines,  each  of  1,100-horse-power  when  operating  under 
a  140-foot  fall,  were  started  in  1893.  Three  additional  wheels, 
each  of  1,300  horse-power,  w^ere  afterwards  attached.  These 
turbines  are  4  feet  8  inches  in  diameter,  and  are  calculated  to 
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rim  at  a  speetl  of  250  revolutions.  Each  turbine  casing  lias  a 
06-incli  diameter  valve  gate,  coiitrolled  by  a  hydraulic  lift, 
whereby  any  one  wheel  can  be  shut  off.  The  regulating  gates 
of  the  wheei  are  controlled  by  a  governor  at  the  top  of  the  pit. 
The  weight  of  the  vertical  turbine  shaft,  156  feet  long  and  10 
inches  in  diameter,  having  at  the  lower  end  the  turbine  and  the 
upper  end  a  bevel  wheel,  is  66,250  pounds  in  each  case.  The 
water  is  introduced  from  below  and  counterbalances  this  weight 
when  operating  at  full  load,  but  on  account  of  tlie  violent  fluctu- 
ation in  resistance  the  usual  thrust-bearing  construction  is 
provided,  to  allow  for  variations  in  the  counterbalance.  Firm 
bearings  for  the  long  upright  shaft  are  secured  by  a  series  of 
steel  frames,  21  feet  apart.  The  turbines  are  of  bronze,  and 
provided  with  a  series  of  grooves  to  reduce  leakage  of  water. 
At  the  top  of  the  vertical  shaft  the  power  is  changed  into  hori- 
zontal motion,  at  a  speed  of  200  revolutions  for  three  of  the 
wheels,  by  means  of  mortise  bevel  wheels  having  5}  inches 
pitch  and  20  inches  face.  The  last  three  wheels  have  steel 
bevels,  experience  having  shown  that  the  average  life  of  the 
wooden  cogs  at  this  speed  did  not  exceed  2,640  working  hours. 

In  addition  to  these  six  turbines  the  plant  of  the  Niagara 
Falls  Hydraulic  Power  and  Manufacturing  Company  has  re- 
cently installed  2,500-horse-power  turbines  under  a  total  fall  of 
215  feet.  These  turbines  are  with  horizontal  axis  connected 
directly  to  the  dynamo  which  is  to  absorb  the  power. 

Mr.  Geyelin  illustrated  his  remarks  with  elaborate  blue- 
prints. 

Wednesday  Afternoon. 

The  members  this  afternoon  were  the  guests  of  the  Cataract 
Electric  Power  Company,  the  Carborundum  Company,  the 
Niagara  Falls  Paper  Company,  and  the  Niagara  Falls  Power 
and  Manufacturing  Comj^any.  Parties  were  taken  to  the  plant 
of  the  Cataract  Power  Company  by  a  convenient  line  of  street 
cars,  and  after  visiting  this  great  work  in  a  body  broke  up  into 
small  parties,  which  visited  the  other  points  of  interest.  The 
shop  of  the  Dobbie-Stuart  (  ompany  was  also  open  to  visitors. 

"Wednesday  Evening. 
The  parlors  of  the  International  Hotel  were  thrown  open  to 
the  members  and  their  friends,  for  a  reception   with   dancing, 
followed  by  a  collation.      The  President  and  the  Chairman  of 
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the  Committee  of  Arrangements,  with  their  ladies,  received  the 
members  on  entering,  and  an  active  floor  committee  made  the 
evening  pass  pleasantly  and  brilliantly.  The  menu  had  been 
specially  devised,  with  interesting  and  flattering  references  to  the 
events  of  the  month  in  connection  with  the  Spanish-American 
war. 

Third  Session.     Thursday,  June  2d. 

The  papers  of  the  morning  were  by  Mr.  Jas.  W.  See,  entitled 
"  Patents,"  discussed  by  Messrs.  Varney,  Morison,  Fawcett, 
Foster,  Bates,  C.  W.  Baker,  Albree,  and  S.  W.  Eobinson ;  by 
Mr.  Wm.  H.  Bryan,  on  "Relations  between  the  Purchaser,  the 
Engineer,  and  the  Manufacturer,"  which  was  discussed  by 
Messrs.  Meier,  Barnaby,  and  Hugo ;  by  Geo.  A.  Lowry,  entitled 
"  One  Hundred  Years  of  Ginning  and  Baling  Cotton  ;  "  following 
the  presentation  of  which  paper  Mr.  Cleaver  made  some  further 
remarks,  and  opened  a  bale  of  cotton  which  had  been  com- 
pressed by  Mr.  Lowry'a  press  ;  by  E.  H.  Thurston,  on  "  Graphic 
Diagrams  and  Glyptic  Models,"  and  by  Clias.  L.  Norton,  on 
"The  Protection  of  Steam  Heated  Surfaces,"  remarks  and  dis- 
cussion on  this  jDaper  being  made  by  Messrs.  Carpenter,  Meier, 
Sweet,  Robinson,  S.  W.  Bates,  Gobeille,  Gray,  Thos.  Hutton, 
Suplee,  Otis,  and  C.  W.  Baker. 

Thursday  Afteenoon. 

Arrangements  were  made  by  the  local  committee,  whereby 
the  members  might  purchase  at  special  rates  the  comj^lete 
series  of  tickets  necessary  for  the  excursion  which  was  planned 
for  this  afternoon,  to  take  in  the  Gorge.  Crossing  the  newest 
arch  bridge  to  the  Canada  side,  the  party  was  taken  in  cars  of 
the  Niagara  Falls  Park  and  Eiver  Railway  up  to  Chippewa,  and 
from  thence  back  again  down  the  river  to  Queenston.  This 
gave  an  opportunity  to  see  the  lower  river  and  the  Whirlpool 
from  the  top  of  tliQ  bank.  At  Queenston  a  steamer  conveyed 
the  party  across  to  the  American  side,  and  after  a  brief  run  from 
Lewiston  down  to  Fort  Niagara,  on  the  lake,  and  back,  the 
return  trip  up  the  Gorge  on  the  American  side  was  begun.  At 
a  point  below  the  Whirlpool  a  stop  was  made  to  witness  the 
shooting  of  the  Rapids  by  a  couple  of  Indians  in  their  canoes, 
and  the  party  returned  to  their  starting  point. 

Thursday  evening  was  intentionally  left  without  assignment. 
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Closing  Session.    Friday,  June  3d. 

The  session  of  Friday  morning  was  opened  by  the  announce- 
ment, by  the  Secretary,  of  the  death  of  Mr.  Cbas.  E.  Emery, 
of  New  York  City,  member  of  the  Society,  and  past  vice- 
president. 

It  had  been  known  that  Mr.  Emery  had  been  taken  ill  quite 
recently  with  a  form  of  heart  failure,  and  his  death  occurred  on 
Wednesday,  June  1st.  Brief  reference  was  made  to  the  work 
which  he  had  done  in  the  field  of  steam  engineering,  particu- 
larly in  investigating  the  effect  of  cylinder  condensation,  in 
connection  with  the  late  W.  P.  Trowbridge,  at  the  close  of  the 
war,  1861-65,  at  the  Novelty  Iron  Works,  and  later,  his  work  in 
connection  with  the  Centennial  at  Philadelphia  in  1876. 

The  president  had  directed  a  telegram  to  be  sent  to  repre- 
sentative members  of  the  Society  in  New  York  City,  requesting 
them  to  form  themselves  into  a  committee  and  attend  the  funeral 
in  a  body. 

The  following  papers  were  presented  at  this  session :  By  Mr. 
F.  J.  Cole,  on  "  Bending  Tests  of  Locomotive  Stay  Bolts  ;  '  by 
Mr.  J.  E.  Johnson,  entitled  "  Note  on  the  Carbon  Contents  of 
Piston  Eods  ;  "  by  Mr.  C.  H.  Benjamin,  on  "  Experiments  on 
Cast  Iron  Cylinders  ;  "  two  papers  by  Prof.  E.  C.  Carpenter, 
one  entitled  "  Mechanical  Properties  of  Certain  Aluminium 
Alloys,"  the  other  being  in  conjunction  with  Mr.  P.  J.  Fick- 
inger,  and  entitled  "'  Method  of  Manufacture  and  Test  of  a  New 
Seamless  Tube.''  The  paper  on  stay  bolts  was  discussed  by 
Messrs.  Otis,  Henning,  and  Sweet,  the  paper  by  Mr.  Johnson 
being  discussed  by  Messrs.  Almond,  Suplee,  Henning,  Souther, 
Sweet,  Otis,  and  Eobinson,  and  that  by  Mr.  Benjamin  by 
Messrs.  Kent,  Suplee,  and  Gray. 

Messrs.  Souther,  Suplee,  Baker,  and  Almond  discussed 
Professor  Carpenter's  paper  on  aluminium  alloys,  while  the  last 
paper  of  the  session,  by  Messrs.  Carpenter  and  Fickinger, 
was  discussed  by  Messrs.  Souther,  Henning,  Baker,  and 
Morgan. 

Professor  Hntton. — As  a  matter  of  business,  Mr.  Chairman, 
I  would  like  to  call  the  attention  of  the  meeting  to  Article  31  of 
our  rules  : 

"  At  the  regular  meeting  preceding  the  Annual  Meeting,  a 
nominating    committee   of  five    members,    not    ofl&cers    of   the 
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Society,  shall  be  appointed."  The  rest  of  the  rule  refers  to  the 
duties  of  the  committee.  It  would  he  in  order,  therefore,  tliat 
some  one  should  move  that  a  nominatin<^  committee  should  be 
appointed  by  the  president,  under  Article  31  of  the  rules. 

This  motion  being  duly  made  and  seconded,  tlie  president, 
after  the  adjournment,  appointed  the  following  committee  : 

:\Ir.  \V.  K.  AYarner (  leveland,  O. 

Mr.  S.  W.  Baldwin New  York  City. 

Mr.  H.  (J.  Morris Pliiladelpliia,  Pa. 

Mr.  H.  A.  Wheeler St.  Louis,  Mo. 

Mr.  C.  J.  II.  Woodbury Boston,  Mass. 

While  the  meeting  had  been,  in  a  sense,  conducted  by  the 
members  themselves  and  without  incurring  financial  obligation, 
as  has  been  said  before,  yet  the  hospitable  intent  of  Xiagara 
Falls  and  Buffalo,  and  the  western  part  of  the  State,  had  not 
allowed  the  Society  to  escape  from  being  tl:e  recipient  of  atten- 
tions and  courtesies  for  which  the  Society  desired  to  express 
its  sense  of  recognition.  This  was  done  in  the  form  of  a  report 
prepared  duriug  the  meeting,  and  presented  in  the  name  of  a 
Committee  on  Resolutions  by  the  Secretarj',  as  follows  : 

The  American  Society  of  Mechanical  Engineers,  concluding 
its  thirty-seventh  convention,  in  the  City  of  Xiagara  Falls, 
desires  to  put  on  record  the  satisfaction  which  it  feels  in  the 
conduct  of  a  meeting  at  which  it  has  been  possible  to  enjoy  so 
much  of  pleasure  without  incurring  at  the  same  time  a  Inirden 
imposed  by  a  sense  of  financial  obligation  to  manufacturers  and 
residents  in  the  city  which  entertained  them.  It  is  impossible, 
however,  in  adjourning,  to  escape  the  sense  of  indebtedness  to 
engineers  and  others,  by  whose  courtesy  the  details  of  the 
meeting  have  been  so  admirably  carried  out,  and  whose  atten- 
tion has  given  so  much  added  enjoyment  to  a  successful 
meeting. 

The  Resolution  Committee  therefore  begs  leave  to  jn^esent 
the  following  resolutions,  and  asks  that  the  Society  will  ratify 
its  recommendations  : 

Resolved,  That  the  thanks  of  the  American  Society  of  3Iecuanical  Engineers 
are  due  to  the  Hon.  Arthur  C.  Hastings,  Mayor  of  Xiagara  Falls,  for  the  cour- 
teous and  kindly  words  of  welcome  with  which  he  greeted  tlie  arrival  of  the 
Society  in  Niagara  Falls.  It  was  the  opening  note  of  a  meeting  which  the  So- 
ciety will  long  remember  with  pleasure. 

Hesolted,  That  the  American  Society  of  Mechanical  Engineers  desires  to  ex- 
press to  the  Niagara  Falls  Power  Company,  to  Dr.  Coleman  Sellers,  and  to  Mr. 
W.  A.  Brackenridge,  engineers  of  that  company,  its  thanks  for  the  opportunity 
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which  was  given  to  it  for  the  full  inspection  of  the  stupendous  undertaking 
which  that  company  has  laid  out.  They  recognize  the  magnitude  of  the  problem 
on  its  financial  and  on  its  technical  side,  and  will  carry  away  with  it  an  earnest 
appreciation  of  the  talent,  the  thought,  the  knowledge,  and  the  skill  which  have 
been  brought  to  bear  upon  the  solution  of  the  unique  and  almost  insuperable 
difficulties  which  have  had  to  be  met  and  overcome. 

Besohcd,  That  in  the  visit  which  was  permitted  to  the  members  of  the  Society 
at  the  Hydraulic  Power  and  Manufacturing  Company's  plant,  the  members  of  the 
American  Society  of  Mechanical  Engineers  enjoyed  the  opportunity  to  study  a 
proI)lem  so  different  in  its  character  and  method  of  attack  from  that  which  has 
been  ]iresented  in  other  places  and  under  different  conditions.  The  Society 
recognizes  the  great  opportunity  for  fjrowtli  and  development  which  is  offered 
where  so  great  a  quantity  of  water  is  available  under  such  great  heads,  and  will 
watch  the  outcome  and  the  increasing  development  of  the  hydraulic  motor  under 
these  exacting  conditions,  with  growing  appreciation.  The  members  would  like 
to  include  in  this  resolution  their  thanks  to  the  Niagara  Falls  Paper  Company, 
the  Carborundum  Company,  and  the  firm  of  Dobbie-Stuart  Company,  for  the 
opportunity  to  visit  their  plant  during  their  stay  at  Niagara  Falls. 

The  meml)ers  of  the  Society  desii'e  to  express  to  the  pro- 
j)rietor  and  managemeut  of  the  International  Hotel  their  thanks 
and  appreciation  of  the  careful  attention  to  detail,  whereby  their 
reception  on  the  evening  of  Wednesday  was  made  so  pleasant  a 
feature  of  their  stay  in  Niagara  Falls.  It  means  much  of  sacri- 
fice to  put  the  service  and  facilities  of  a  great  hostelry  at  the 
command  of  a  group  of  visitors,  and  for  the  kindly  and  consid- 
erate way  in  which  this  was  done,  and  for  the  attention  which 
was  paid  to  the  visitors,  the  Society  request  that  Mr.  Samuel 
Greenwoo  1  and  those  associated  with  him  will  accept  their 
hearty  thanks. 

It  has  been  one  of  the  most  unique  esi3eriences  of  the  Society 
in  many  years  of  successive  conventions,  to  eijjoy  the  oppor- 
tunity which  was  presented,  to  them  in  the  afternoon  of  Thurs- 
day, for  the  ride  on  the  Gorge  Road  and  the  Canadian  Electric 
Railway.  They  desire  to  thank  the  companies  concerned,  in 
extending  this  pleasure  to  the  members,  for  their  admirable 
arrangements,  and  to  congratulate  them  on  the  skill  and  care 
M'hich  have  been  manifested  in  the  location,  planning,  and  con- 
struction of  their  difiicult  undertaking.  The  afternotm  was  most 
thoroughly  enjoj'ed  and  the  Convention  asks  that  Messrs. 
Ricker,  Brooks,  and  their  associates  will  accejit  the  thanks 
which  is  their  due.     The  Indians  should  not  be  forgotten. 

Itesolcid,  That  the  American  Society  of  ]\Iechanical  Engineers,  assembled 
in  convention  at  Niagara  Falls,  desires  to  express  to  those  corporations,  firms, 
manufacturing  establishments,  and  engineers  in  Buffalo  who  have  extended 
to  them  the  courtesies  of  an  invitation  to  visit  their  establishments  dmriug  the 
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Niagara  Falls  visit,  its  hearty  thanks  for  the  same,  even  if  the  pleasure  of 
other  opportunities  has  made  it  impossible  to  accept  all  the  chances  that 
have  been  laid  before  them.  They  desire  particularly  to  include  in  tliis  list 
Messrs.  Hiter  &Couley;  Tonawanda  Iron  &  Steel  Co.;  Brooks  Locomotive  Works; 
Delaney  Forge  &  Iron  Co.  ;  Hnffiilo  Forge  Company;  Holly  Manufacturing  Com- 
pany ;  Wagner  Parlor  Car  Company  ;  Lake  Erie  Engineering  Works  ;  Pratt  & 
Letch  worth  Company;  Buflalo  Smelting  Works  ;  Buffalo  Bridge  &  Iron  Works; 
Buffalo  Haihvay  Company. 

Ecisoived,  That  the  American  Society  of  Mechanical  Engineers  recognizes  the 
interest  in  its  convention  which  has  Ijeen  taken  by  Mr.  Peter  A.  Porter  and  the 
management  of  the  Cataract  House  in  the  success  of  their  convention.  Members 
would  thank  these  gentlemen  for  the  use  of  a  convention  hall  without  charge, 
and  for  the  arrangements  of  headquarters,  for  which  they  are  indebted  to  their 
care. 

As  soon  as  tlie  Engineer's  Society  of  Western  New  York 
learned  that  the  American  Society  of  Mechanical  Engineers  was 
j)lanning  a  convention  at  Niagara  Falls,  they  appointed  a  com- 
mittee of  cooperation,  who  should  attend  to  the  arrangements 
necessary  for  such  a  convention.  Of  this  committee  Mr.  W.  C. 
Johnson,  engineer  of  the  Niagara  Falls  Hydraulic  Power  & 
Manufacturing  Company,  has  been  chairman.  The  Society 
desires  to  express  to  this  executive  committee,  and  to  its  chair- 
man in  particular,  its  cordial  appreciation  and  thanks  for  all 
that  they  have  been  instrumental  in  securing  for  the  Society. 
The  difficult  burden  of  previous  arrangement  has  been  borne  by 
this  committee  and  its  chairman  with  great  skill  and  ability. 
This  resolution  is  to  convey,  in  a  faint  and  unsatisfactory  way, 
the  recognition  which  the  Society  feels  for  that  work. 

The  precedent  has  not  been  established  as  yet  in  the  Society 
of  Mechanical  Engineers  that  the  official  meetings  of  the  Society 
permit  its  lady  guests  to  have  the  opportunity  of  saying  what 
they  would  like  to  say,  when  they  also  have  been  included  in 
the  affectionate  thought  and  interest  of  those  in  charge  of  a  con- 
vention. It  must  be  left,  therefore,  to  those  who  are  mere  men 
to  make  themselves  the  mouthpiece  for  the  expression  of  the 
thanks  of  the  ladies  for  the  courtesies  which  have  been  uninter- 
mitted  during  their  stay  in  Niagara  Falls.  They  ask  that  the 
committee  of  ladies  who  were  in  charge  of  the  entertainment 
at  the  Three  Sisters,  and  who  have  in  so  many  other  and 
almost  unnoticed  ways  secured  the  comfort  and  pleasure  of 
their  visitors,  will  understand  that  this  is  a  failure  in  the  way 
of  an  attempt  to  express  what  the  ladies  would  say  of  appre- 
ciation for  the  work  of  this  committee. 
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These  resolutions  being  duly  seconded,  and  carried  with 
acclamation,  the  motion  to  adjourn,  being  duly  presented,  was 
carried.  The  president  gave  the  usual  notice  that  the  annual 
meeting  was  to  be  expected  in  Now  York  City,  beginning  No- 
vember 29th,  and  that  the  Council  had  given  favorable  consider- 
ation to  a  suggestion  that  they  should  select  the  city  of  Cincin- 
nati, Ohio,  for  the  spring  convention  of  1899. 

The  meeting  then  adjourned. 

Friday  afternoon  was  allotted  to  visits  by  individuals  to  points 
of  interest  in  Buifalo.  The  weather  during  the  meeting  was 
perfection,  and  the  manifold  attractions  of  Niagara  Falls  were 
much  appreciated  by  everybody. 
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DCCLXXIII.* 

GRAPHIC  DIAGRAMS  AXD  GLYPTIC  MODELS. 

BY  K.  U.  THUKSTOX,  I  THACA,  N.  Y. 

(]SIember  of  the  Society  and  Past  President.) 

Graphical  representations  of  relations  of  quantity  are  often 
employed  by  the  draughtsman,  the  lecturer  on  physical  science 
or  engineering,  and  in  scientific  bookmaking,  usually  adopting 
a  diagram  of  two  dimensions.  Glyptic  methods  of  representa- 
tion have  been  rarely  used,  except  in  such  relief-models,  from 
time  to  time,  as  particularly  important  geological  work  occa- 
sionally illustrates.  The  former  class  exemplifies  the  art  of  the 
geometrician  applied  to  special  purposes ;  the  latter  similarly 
applies  the  art  of  the  sculptor  to  the  reproduction  of  forms  of  a 
radically  different  sort. 

The  graphic  representation  of  the  relations  of  two  variable 
quantities  by  the  construction  of  a  diagram  having  two  rect- 
angular co-ordinates,  is  as  old,  at  least,  as  Aristotle.  That  great 
philosopher  of  Greece,  over  two  thousand  years  ago,  employed 
this  system  in  his  illustrations  of  the  principles  of  economics 
and  his  doctrine  of  "  reciprocation  "  of  exchanges  in  commerce, 
by  equivalence  of  current  valuations.  His  case  of  the  shoemaker 
and  the  builder  is  perhaps  most  familiar.t  He  places  the  pro- 
ducers and  their  products,  between  w^hich  exchanges  are  to  be 
effected,  at  the  four  corners  of  a  rectangle,  and  diagonal  lines 
indicate  the  paths  of  transfer  in  exchange  of  the  house  of  the 
builder  for  the  shoes  of  the  shoemaker  and  of  the  on 3  product  to 
the  producer  of  the  other,  and  thus  exhibits  "the  acts  of 
mutual  giving  in  due  proportion."  Watt's  indicator  diagram 
is  a  curve  in  which  the  ordinates  are  the  total  steam-pressures 
and  the  abscissas  the  corresponding,  simultaneous  motions  of 
the    piston  of  the  engine,  both  on  conveniently  chosen  scales, 


*  Presented  at  tlie  Niagara  Falls  meeting  (June,  1898),  of  tlie  American 
Society  of  Mecliauical  Engineers,  and  forming  part  of  Vol.  XIX.  of  the  Trans- 
actions. 

\  Aristotle's  Ethics,  cliap.  6. 
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Avhile  the  enclosed  area  is  a  measure  of  the  net  work  per- 
formed in  the  engine  during  the  stroke  represented.  The  hxws 
of  variation  of  pressure  witli  piston  movement  in  each  of  the 
several  p9riods  into  which  the  cycle  is  divisible  are  thus  graphi- 
call}- represented,  and  the  equations  of  the  several  corresponding 
lines  are  the  algebraic  expressions  of  those  laws.  Watt  em- 
ployed the  first  of  these  measurements  in  the  determination  of 
power  and  in  the  revelation  of  the  method  of  steam-distribution, 
and  Clapeyron  -  used  the  same  device  in  his  discussion  of  the 
newly  revealed  processes  of  thermodynamics,  as  understood  in 
his  time.  Morin's  use  of  the  "  stress-strain  diagram,"  now  so 
familiar  to  all  students  of  the  mechanics  of  engineering  and  of 
the  characteristics  of  the  materials  of  construction,  makes  visible 
the  law  of  relation  of  stress  to  strain,  and  enables  us  to  detect, 
easily  and  with  comparative  exactness  and  certainty,  the  point 
at  which  the  so-called  elastic  limit  is  found,  the  point  at  which 
the  strain  produced  by  any  applied  force  liecomes  mainly  per- 
manent, and  beyond  which  every  added  strain  becomes  a  per- 
manent distortion.  Here  the  stresses  are  exhibited  by  the 
ordinates  and  the  strains  by  the  abscissas,  making  it  easy  to 
devise,  as  was,  perhaps,  first  done  by  the  writer,f  S3'stems  of  auto- 
matic and  autographic  registration  of  such  curves  which  give 
the  complete  history  of  such  strains  as  are  produced,  and  of  the 
producing  stresses,  from  the  beginning  to  the  end  of  the  process 
of  distortion  and  fracture  ;  or  which,  revealing  the  exact  posi- 
tion of  the  elastic  limit,  may  i3ermit,  as  was  years  ago  suggested 
by  the  writer, [:  the  use  of  a  member  of  any  iron  or  steel 
structure  after  a  test  which  determines  as  certainly  as  would 
actual  fracture,  the  reliability  of  the  piece  in  the  place  in  the  struc- 
ture for  which  it  is  made.  The  electrician  and  the  electrical 
engineer  both  employ  the  "characteristic"  curves  of  electro- 
dynamic  machines  in  their  investigations  of  the  adaptability  of 
these  machines  to  their  purposes,  or  of  the  required  adajjtations 
of  the  motor  or  the  system  of  application  of  the  current  to  the 
exact  attainment  of  the  conditions  of  maximum  efficiency  in  their 


*  Tail's  History  of  Thermodynamics  ;  Thurston's  Translation  of  Carnot. 

f  Transactions,  Am.  S.  C.  E..  "Note  on  Resistance  of  Materials."  Xov.  19, 
1873,  vol.  ii.,  p.  290;  vdl.  iii..  Feb.  4,  1874;  Ihid.,  1880,  vol.  ix.,  Xo.  cxci., 
"^Materials  of  Engineering,"  vol.  ii.,  chap.  10. 

X  Ibidem,  vol.  ii.,  1874  ;  JTbid..  1878,  "  A  New  Method  of  Detecting  Overstrain, 
etc."  ;  "Materials  of  Engineering,"  vol.  ii.,  chaps.  9  and  10. 
34 


516  GRAPHIC   DIAGRAMS   AND    GLYPTIC    MODELS. 

use.  All  these  methods  of  representation  of  phenomena  involve 
but  two  variables,  and  may  be  made  to  produce  plane  curves 
and  may  usually  be  more  or  less  completely  covered  by  equa- 
tions involving  two  varial)les. 

The  results  of  a  series  of  observations  of  such  relation  between 
any  two  variable  quantities  being  entered  upon  a  chart,  by  care- 
ful adjustment  to  their  co-ordinates,  the  series  of  points  upon 
the  plane,  thus  obtained,  fall  naturally  as  closely  into  line,  and 
lie  as  exactly  on  the  curve  representative  of  the  law  of  their 
relative  dimensions,  as  the  skill  of  the  investigator  or  the  accu- 
racy of  his  instruments  may  permit.  Checking  the  observations 
in  such  manner  as  to  correct  errors,  as  far  as  practicable,  the  e3'e 
instantly  discovers,  in  the  usual  case,  the  trend  and  location  of 
the  curve,  and  its  locus  gives  the  equation ;  which  is  the  mathe- 
matical expression  of  a  law  of  nature.  If,  as  is  often  the  case, 
its  mathematical  form  is  already  kuow^u,  or  deduced  from  funda- 
mental considerations,  the  constants  become  derivable,  and  the 
law  is  determined  with  precision.  Many  illustrations  occur  in 
papers  communicated  to  technical  societies  of  every  kind,  and 
none  more  beautifully  illustrates  the  method  thau  those  of  the 
associations  of  engineers.  Even  the  engineer's  '•  graphical  log" 
of  a  steam-boiler  trial  is  an  illustration  of  this  most  fruitful 
of  processes  of  representation.  In  all,  a  continuous  process, 
guided  by  natural  laws,  is  traced  by  a  series  of  discontinuous 
observations,  and  these,  in  turn,  being  represented  by  points 
on  a  diagram,  determine  the  locus  of  a  curve  which  is  then 
the  exact  graphical  statement  of  the  resultant  effect  of  the 
laws  thus  operating,  and  is  a  continuous  record  of  a  continuous 
process. 

It  often  happens  that  the  character  of  the  curve  thus  to  be 
recorded  is  known.  In  such  case,  the  identification  of  a  single 
point,  as  the  result  of  a  single  observation,  joerhaps,  determines 
the  locus  of  the  whole  curve.  Thus,  to-day,  by  a  single  steam- 
engine  trial,  we  may  determine  the  internal  wastes  of  the  engine 
and  may  lay  down  a  curve  by  which  to  exhibit  its  economical 
performance  over  a  wide  range  of  conditions,  and  may  even 
identify  that  adjustment  which  is  on  the  whole  most  economicaL 
The  law  is  known,  as  is  its  algebraic  representation,  and  the  ob- 
servation enables  us  to  introduce  that  constant  quantity  which 
locates  the  path  of  which  the  general  characteristics  and  method 
of  curvature  are  given. 
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Eacli  observatiou,  in  such  cases,  may  also  serve  to  check  the 
accuracy  of  the  whole  work.  A  series  of  points  being  estab- 
lished as  the  outcome  of  such  observations,  they  will  always  be 
found  to  exhibit  some  irregular! t}'  due  to  the  imperfections  of 
human  methods  and  faculties.  But,  taking  a  mean  ])ath  amongst 
the  points  laid  down  and  plotting  the  curve  and,  thus  detecting 
and  throwing  out  unreliable  observations,  we  may  secure  an 
equation  of  the  true  law  of  variation. 

Cases  involving  three  variables  may  be  represented  by  the 
institution  of  three  co-ordinates  and  by  referring  to  them  their 
curves,  or  by  surfaces  in  three  dimensions,  and  are  illustrated 
by  a  "  Glyptic  System,"  as  the  writer  calls  it,  which  is  exhibited 
best  in  the  various  "relief-models"  so  profitably  employed  in 
the  topographical  work  of  the  geodecist  and  the  state  engineer. 
A  glance  at  the  relief-model  of  the  Alps,  or  the  great  model  of 
the  surface  of  the  North  American  continent  made  by  the  United 
States  Coast  Survey,  gives  a  better  idea  of  the  topography  of 
the  country  represented,  and  permits  more  satisfactory  measure- 
ment, than  can  possibly  be  secured  in  any  less  concrete  method 
of  description  or  representation.  Eelief-models  have  been  but 
rarely  employed  in  other  departments  of  engineering  work,  but 
an  illustration  of  their  potentialities  in  new  fields  may  be  seen 
in  the  relief-model  employed  by  the  writer  to  exhibit  the  varia- 
tion of  the  strengths  of  the  alloys  of  copper,  tin  and  zinc,  in 
their  infinite  binary  and  ternary  combinations.*  As  illustrating 
the  system  to  which  it  is  desired  here  to  call  attention,  it  will 
not  be  out  of  place  to  give  here  an  engraving  and  description  of 
this,  so  far  as  the  writer  is  aware,  earliest  of  applications  of  this 
method  to  such  purposes  as  are  here  considered ;  although  this 
instance  is  already  tolerably  familiar  to  engineers  and  physicists 
generally.  The  problem  proposed  for  solution  was  the  follow- 
ing :t  . 

To  determine  the  useful  2)roi)erties  of  all  the  infinite  momher  of 
2?ossiUe  comhinations  of  the  three  metals  in  ternary  alloys  of 
copper^  zinc,  and  tin. 


*  Proceedings  American  Association  for  Advancement  of  Science,  1877,  "  Xew 
Method  of  Planning  Researches,  etc.";  I'ransactions  Am.  S.  C.  E.,  1881,  No.  cxiv.. 
"  Materials  of  Engineering,"  vol.  iii.,  chap.  11;  Journal,  Franklin  Institute,  1884. 

f  "  Report  of  the  United  States  Board  appointed  to  Test  Iron,  Steel  and  otlier 
Metals."  R.  H.  Thurston,  Secretary,  Editor.  Washington:  Government  Printing 
Office,  1875-8. 
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The  properties  of  the  binary  combinations  of  tin  and  zinc, 
and  those  of  tlie  compounds  of  copper  with  tin  and  of  copper 
with  zinc  presented  no  special  difficulties.  Their  various  pro- 
portions and  the  corresponding  moduli  of  strength  and  elas- 
ticity; their  densities,  resilienc?s,  liability  to  liquation  and 
unsoundness  when  cast,  and  any  other  valuable  or  objectional)le 
qualities,  were  easily  determined  in  proper  sequence  and,  the 
results  for  each  series  of  alloys  being  plotted,  the  law  of  varia- 
tion of  either  property  with  varying  composition,  and  the  max- 
imum or  minimum  for  the  M'hole  range  and  infinite  variety  of 
composition,  could  be  readily  exhibited,  or,  if  unknown,  dis- 
covered by  the  inspection  of  plane  curves  thus  formed.  Such 
results  were,  in  fact,  obtained.* 

The  strongest  possible  alloy  of  each  pair  of  elements  was  thus 
discovered  and  announced  by  the  writer,  and  these  researches 
were  fruitful  and  satisfactory  in  all  ways.  It  was  found  that,  for 
the  purposes  of  the  constructing  engineer,  an  alloy  closely  related 
to  "  Muntz  metal,"  exhibited  the  best  combination  possible  of 
copper  and  zinc,  having  the  best  possible  combination  of  strength, 
ductility,  and  elasticity.  The  best  copper-tin  alloy,  similarly, 
is  very  closely  allied  to  gun  bronze ;  while  both  alloys  are 
strengthened  still  further — but  at  the  expense  in  higher  degree 
of  their  ductility — by  the  reduction,  by  a  small  amount,  of  their 
contents  of  copper,  i^roducing,  for  example,  bell  and  speculum 
metals  in  the  case  of  the  copper-tin  alloys.  These  facts  are 
illustrated  on  the  relief-model  to  be  now  described,  and  can  be 
seen  by  studying  the  contour  lines  of  the  two  lofty  sides  of  the 
part  richest  in  copper,  which  part  is  seen  to  contain  all  the 
strong  alloys. 

The  principle  adopted  was  the  following  :  t 

In  any  triangle,  as  at  A ,  Fig.  126,  let  fall  perpendicular  supon 
the  three  equal  sides.  The  area  of  the  whole  triangle  B,  C,  D, 
is  measured  by  the  jaroduct  of  the  altitude,  CE,  by  one-half  the 
base,  BI).  Draw  lines,  AB,  AC,  AD,  to  the  vertices  of  the 
triangle,  thus  forming  three  smaller  triangles,  the  sum  of  which 
equals,  in  area,  the  original  triangle.  We  now  have  :  CE  x  ^ 
BD  =  AF  X  ^  BD  -^  AG  x^  BCi-  All  x^CD;  or,  the  sides 
of  the  triangle  being  equal,  CE  x^  BD  =  {AF  +  AG  +  All)^ 
BD.     Hence*^  AF  +  AG  ^  ATI  =  CE. 

"Ibidem.     Also  "Materials  of  Engiueeriug,"  a-o1.  iii.,  chaps.  9  and  10. 
■f  Ibidem, 
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But  the  area  of  the  whole  triangle  may  be  conceived  to  repre- 
sent a  ternary  alloy  composed  of  the  three  components  in  pro- 
portions represented   by  the    areas  of  the  three  several  small 


Fig.  126.— Teknahy  Alloys. 

triangles  which  together  make  up  its  total  area.  But  these 
smalfer  triangles  have  areas  proportional  to  their  altitudes,  AF, 
AG,  All;  the  proportions  in  which  the  three  metals  are  com- 
bined to  form  the  given  triple  alloy  may,  therefore,  be  measured 
by  the  ratio  of  their  representative  triangles  to  the  whole  tri- 
aicrle  in  area  and  in  altitude.  Dividing  the  height  of  the  large 
triangle  into  one  hundred  equal  parts,  the  altitudes  of  the  small 
triangles,  measured  in  the  same  units,  will  represent  the  per- 
centages of  the  three  elements  in  the  given  alloy. 

Every  point  in  the  triangle  thus  represents  some  certain 
ternary  allov  ;  there  is  no  possil^le  alloy  which  has  not  its  repre- 
sentative pJint  in  our  triangle.  We  have  before  us  a  field  which 
exactly  defines  our  research,  and  may  attempt  its  exploration 
with  a  clear  understanding  of  what  is  to  be  done.  "  Its  topo- 
graphy may  be  studied  as  systematically  and  completely  as  that 
of  any  other  territory  of  which  the  exact  boundaries  have  been 
determined  and  marked  out." 

The  results  of  such  an  investigation  as  is  finally  proposed  can 
now  be  exhibited  by  a  relief-model,  on  which  the  compositions 
of  all  ternary  alloys  can  be  represented  by  the  location  of  cor- 
responding points  on  a  base-plane  ;  while  the  property  to  be 
studied  as  to  its  method  of  variation  with  composition  may  be 
represented  by  ordinates  raised  upon  that  plane  thus:— (Fig. 

127.)  ,         .    1      + 

Lay  out  a  triangle,  as  above  described,  upon  a  surface  ot  sheet 

metal      At  selected  points  at  which  determinations  have  been 

made,  erect  wires  of  which  the  lengths  have  been  made   care- 
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fully  proportional  to  the  ordinates  of  the  representative  surface 
at  those  points,  screwing  them  firmly,  or  otherwise  fixing  them, 
in  their  places.  When  all  the  wires  are  in  place  and  are  found 
to  be  of  the  exact  length  required,  place  bits  of  board  along  the 
outside,  to  form  the  lioundaries  of  the  triangle,  and  jiour  in 
plaster  of  Paris  until  the  Avires  are  all  covered.  AVheu  the 
plaster  has  set,  remove  the  boards  and  carefully  cut  away  the 


Fig.  127. — A  Relief-Model  of  the  '•  Kalchoids 


plaster,  working  carefully  down  to  the  tops  of  the  wires,  just 
exposing  their  points.  The  surface  thus  produced  is  a  model  of 
the  strength,  o.-  other  quality  represented,  of  all  these  alloys. 
This  can  be  cast  in  bronze,  or,  as  in  the  actual  case  described 
here,  in  the  alloy  of  niEiximum  value,  and  a  handsome,  durable, 
and  instructive  relief-model  thus  formed,  the  maximum  ordinate 
of  which  discovers  the  strongest  alloy  that  can  be  made  of  the 
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three  elements  studied.  It  was  thus  that  what  the  writer  has 
called  the  "  maximum  alloys  "  were  discovered  and  fully  identi- 
fied by  repeated  inyestigations,  among  all  the  infinite  ponsible 
*'kalchoids,"  or  brass-like  alloys,  obtainable  by  combining  cop- 
per, tin  and  zinc.  The  strongest  copper-tin-zinc  alloy  exhibits 
no  liquation ;  its  composition  being  about  Cn  0.55,  Zu  0.43,  Sn 
0.2,  or  neglecting  the  zinc,  substantially  that  of  Muntz  metal. 
The  next  best  alloy  was  taken  as  Cn  0.55,  Zn  0.4i5,  Sn,  0.005 ; 
this  having  less  strength  but  more  ductility,  the  whole  field 
covered  l)y  the  range,  copper  50  to  (50  per  cent.,  zinc  48  to  38 
per  cent.,  tin  0  to  0.5  per  cent.,  embraces  the  most  remarkable  of 
these  "  kalchoids."  It  includes  Tobin's  alloy,  a  chemical  com- 
bination, having  the  composition,  Cu  58.22,  Zn  39.48,  Sn 
02.30.  Repeated  investigations  Avith  carefully  selected  and 
pure  metals,  using  i3hosphor-tin  to  insure  soundness  by  perfect 
fluxing,  indentified,  as  "the  strongest  of  the  bronzes,"  Cu  57, 
Zn  42,  Sn  1 ;  while  the  substitution  of  1  per  cent,  of  cojjper 
by  1  of  tin,  Cn  5G,  Zn  42,  Sn^  2.  Tin  should  never,  probably, 
for  constructive  purposes,  exceed  2.5  per  cent.,  and  zinc  should 
be  kept  inside  43  per  cent.*  This  method  of  investigation  thus 
discovered,  as  no  other  method  could,  the  precise  character  of 
the  whole  range  of  compositions,  and  revealed,  as  none  other 
could  have  done,  the  existence  and  the  exact  location  of  the 
alloy  of  maximum  value.  The  best  alloy,  thus  discovered,  if 
exactly  proportioned,  well  melted,  perfectly  fluxed,  and  so  formed 
as  to  produce  sound  and  pure  metallic  alloys,  with  such  prompt 
cooling  as  shall  prevent  liquation,  is  "  the  strongest  bronze  that 
man  can  make." 

It  is  a  close-grained  alloy,  of  rich  color,  fine  surface,  and  takes 
a  good  polish.  It  oxidizes  with  difiiculty,  and  the  surface  then 
takes  on  a  pleasant  shade  of  statuary  bronze  green.  It  has  con- 
siderable hardness,  but  moderate  ductility,  though  tough  and 
ductile  enough  for  most  purposes ;  it  will  forge  if  handled  skill- 
fully and  carefully,  and  not  too  long  or  too  highly  heated ;  has 
immense  strengtli,  and  is  well  adapted  for  general  use  as  a  work- 
ing quality  of  bronze.  In  composition,  it  is  seen  to  be  a  brass, 
with  a  small  dose  of  tin.  The  alloy  made  for  purjjoses  demand- 
ing toughness  as  well  as  strength  contains  less  tin  than  the 

*  Investigation  locating  the  "Strongest  of  tlie  Bronzes;"  Journal,  Franklin 
Institute,  February,  1883. 
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above  compositiou  :  Cu  55,  Sn  0.5,  Zn  -14.5.  It  has  a  tenacity  of 
70,000  pounils  per  square  inch  (-IjSoU  kilograinmes  per  square 
centimetre)  of  original  section,  and  9U,000  pounds  (0,450  kilo- 
grammes) on  fractured  area,  and  elongates  47  to  51  per  cent., 
with  a  reduction  to  from  69  to  73  per  cent,  of  its  original 
diameter.  This  alloy  is  homogeneous,  the  fractured  surface  ia 
in  color  pinkish-yellow,  and  dotted  with  minute  crystals  of  alloy 
produced  by  cooling  too  slowly.  The  shavings  produced  by  the 
turning  tool  curl  closeh",  like  those  of  good  iron,  and  are  tough 
and  strong.  These  alloys,  including  the  "  Tobin  Alloy,"  are  good 
working  metals,  usually  being  capable  of  great  improvement  by 
skillful  working,  either  hot  or  cold,  and  thus  of  obtaining  a  ten- 
acity of  over  100,000  pounds  per  square  inch  (7,311  kilogrammes 
per  square  centimetre)."  They  are  generally  of  a  rich  golden  or 
reddish  yellow  color,  and  make  beautiful  castings. 

The  above  descrij)tion  of  this  application  of  such  graphical 
and  glyptic  processes  will  serve  to  show  how  readily  it  permits 
the  solution  of  important  problems  and  the  discovery  of  other- 
wise obscure  facts,  and  often  in  cases  which  probably  no  other 
method  would  answer  such  purpose,  and  especially  in  the 
detection  of  maxima  and  minima  in  functions  of  three  vari- 
ables, among  which  no  mathematical  law  has  been  detected 
and  for  which  we  must  rely  entirely  on  experiment.  In  further 
illustration,  it  is  now  proposed  to  exliibit  other  hitherto  un- 
known results  of  previously  unpractised  applications  of  this 
system. 

The  study  of  the  steam-engine  presents  many  such  problems, 
and  Clapeyron,  in  his  utilization  of  the  Watt  diagram,  and 
Carnot,  long  before,  in  his  discussion  of  the  "  motive  power  of 
heat,"  the  text  for  the  work  of  Clapeyron,  enunciated  a  number 
of  them.t  Two-dimension  curves  have  been  hitherto  employed 
only,  and  only  such  problems  as  are  capable  of  solution  by 
plane  curves  have  been  usually  treated.  One  of  the  latest  appli- 
cations of  this  plan  has  been  that  adopted  by  the  writer  in 
exhibiting  the  method  of  variation  of  steam-jacket  efficiency 
in  special  cases. 

It  is  well-known  that  the  value  of  the  steam-jacket  is  not  due 
to  any  inherent  economical  quality  of  the  jacket  itself,  but  to 

*  Ibidem. 

f  "  Reflections  on  tlie  Motive  Power  of  Heat."  Translation,  R.  H.  Thurston. 
New  York  :  J.  Wiley  &  Sons.     1890. 
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the  fact  that,  though  a  wasteful  dovico,  iutiinsically  it  has  the 
valuable  and  economical  property  of,  in  many  cases,  counteract- 
ing another  and  usually  greater  waste,  that  l)y  internal  transfer 
of  heat  without  transformation  and  performance  of  Avork.  This 
is  easily  shown  by  computing  the  efficiency  of  the  engine,  in  the 
ideal  case,  no  wastes  by  conduction  or  radiation  occurring,  for 
both  the  jacketed  and  the  unjacketed  engine.  The  results  of 
such  a  computation  are  graphically  exhibited  in  the  accompany- 
inw  curves  (Fig.  128),   Rankine's  assumptions  being  taken   for 
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both  cases,  the  steam-pressure  being  115  pounds  absolute,  and 
expansion  ranging  from  r  =  1  to  r  ^  20,  back  pressure  taken 
at  4  pounds  on  the  square  inch."  It  is  seen,  in  this  case,  that  a 
reduction  of  efficiency  by  about  1  per  cent.,  instead  of  a  gain, 
as  commonly  noted  in  practice,  follows  the  use  of  the  jacket. 
The  ideal,  unjacketed,  condensing-engine  gives  an  efficiency  of 
12.5  per  cent.,  or  20  pounds  of  steam  per  horse-power  per  hour 
at  /'  =  4,  and  of  16.5  per  cent.,  or  15  pounds  at  y  =  20  ;  while  the 
corresponding  figures  for  the  jacketed  engine  are  11.5  per  cent, 
and  21  pounds  and  15.3  per  cent,  and  16  pounds  ;  and  computa- 

-  Manual  of  the  Steam- Engine.      Part  T.,   pp.   640.      New  York  :    J.  Wiley  & 
Sons.     1892. 
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tions  made  in  this  raamicr  will  be  found  invariably  to  prove  tliat 
the  loss  due  the  jacket  increases  constantly  with  rising  pressures 
and  with  increasing  expansion. 

The  case  is  quite  different  with  the  real  engine,  in  which  in- 
ternal and  external  wastes  occur  unavoidalilj,  and  often  in  large 
quantity.  Here,  the  jacket,  by  checking  these  wastes  often 
very  greatly,  within  the  engine — though  always  exaggerating 
them  somewhat  externally — gives  a  net  reduction  of  total  wastes, 
and  causes,  under  favorable  circumstances,  sensible,  and  often 
great,  increase  of  thermal  efficiency.  This  gain  is  found  to  have 
a  maximum,  probably,  as  the  writer  has  elsewhere  pointed  out, 
somewhere  between  the  values  of  /*  —  1,  at  where  internal  engine- 
waste  is  a  minimum,  and  r  =  8,  when  jacket-waste  is  a  maxi- 
mum, and  this  maximum,  for  certain  cases,  is  found  not  far  from 
those  ratios  of  expansion  which  give  maximum  economy  in  the 
operation  of  the  engine.  Thus,  the  study  of  the  work  of  the 
"Hesearch  Committee  "  of  the  British  Institution  of  Mechanical 
Engineers  enables  us  to  construct  curves  like  that  given  here- 
Avith  'Fig.  129),  in  which  the  point  of  maximum  effectiveness  of 
jacket  is  seen  to  be  in  all  cases  identified  as  to  location  with 
great  accuracy.  The  diagram  exhibits  the  action  of  simple 
condensing  and  non-condensing  engines,  with  steam  at  (1)  110, 
(2)  90,  and  (3)  65  pounds  pressure. 

In  the  case  of  the  simple  non-condensing  engine,  the  use  of 
the  jacket  reduced  the  cylinder-wastes  from  about  25  per  cent, 
of  the  ideal  consumption  of  steam  and  feed  water  to  about  half 
that  proportion,  for  ratios  of  expansion  approximating  6  ;  from 
one-third  to  about  one-tenth,  at  a  ratio  of  5  ;  and  apparently  from 
20  to  10  per  cent,  at  44.  The  jacket  gives  best  results,  with  110 
pounds  of  steam,  when  the  ratio  of  expansion  approximates  G. 
When  the  steam  pressure  falls  to  approximately  SO  pounds,  the 
best  work  of  the  jacket  occurs  at  a  ratio  not  far  from  4.75 ; 
while,  at  the  pressure  of  50  pounds,  the  value  of  the  jacket  in- 
creases through  the  whole  range  of  the  experiments,  and  not 
only  so,  but  the  curve  assumes  a  rectilinear  form,  indicative  of 
probable  improvement  indefinitely  in  the  direction  of  increasing 
expansion.  The  highest  efficiencies,  however,  either  with  or 
without  the  jacket,  are  found,  in  this  case,  at  the  lowest  ratios 
adopted,  and  indicate  a  maximum  value  at  about  3.25.  The 
ratios  of  exjiansion  for  maximum  efficiency  of  fluid,  are,  for  1 10 
pounds,  about  5,  and  for  80  pounds,  about  3.5. 
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Similarh'  the  coudeusiug  engine,  for  the  best  work  done, 
wlietlier  jacketed  or  not,  is  at  about  a  ratio  of  expansion  of  10 
(at  a  steam-pressure  of  110  pounds  i;  but  the  jacketed  engine  re- 
duces the  internal  wastes  from  50  23er  cent,  at  highest  ratios, 
and  from  one-fourth  at  the  lowest  ratios,  in  the  case  of  the  un- 
jacketed  engine,  to  5  per  cent.,  and  in  some  cases,  probably  to 
within  the  magnitude  of  the  errors  of  observation.  At  a  pres- 
sure of  90  pounds,  the  best  ratio  for  this  engine,  under  the 
actual  conditions  of  its  operation,  is  about  0.5  when  unjacketed, 
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Fig.  129,— Simple  Engines,  Steam  110,  90.  65  Pounds. 

and  8.5  jacketed,  while  the  lower  pressures  still  further  reduce 
both  the  efficiencies  and  the  effectiveness  of  action  of  the 
jacket. 

The  compound  engine  studied  was  operated  at  too  low  a  pres- 
sure to  bring  out  the  best  effect  of  compounding,  but  exhibits 
the  same  general  effects  noted  in  the  cases  of  working  of  simple 
engines.  The  effect  of  the  jacket  is  less  pronounced  than  in  the 
simple  engine,  and  the  efficiencies  of  fluid  vary  less  with  varia- 
tion of  the  ratios  of  expansion.  It  gives  best  results  at  ratios  of 
expansion  ranging  from  7.5  to  10.5,  the  variations  of  the  value 


526  GRArmc  diagrams  and  GLYmc  models. 

being  very  much  more  observable  in  the  case  in  which  both 
jackets  are  in  nse,  than  in  either  of  the  others,  and  least  when 
only  the  high-i^ressure  jacket  was  employed.  By  far  the  best 
work  was  done  by  the  engine  when  both  jackets  were  in  use. 

This  discovery  of  a  maximum  efficiency  of  jacket  may  throw 
some  light  upon  the  causes  of  the  conflicting  and  sometimes  ap- 
parenth'  irreconcilable  results  of  trials  of  engines  with  and 
without  jackets,  and  with  jackets  variously  constructed.  The 
discovery  may  also  prove  of  value  to  the  designer,  as  aiding  him 
in  securing  the  best  proportions  and  arrangement  of  his  engine.* 
The  measure  of  the  value  of  the  jacket  may  be  taken  as  the 
ratio  of  heat  supplied,  as  measured  by  the  weight  and  cost  of 
water  drained  out  of  the  jacket,  to  the  gain  by  reduction  of 
total  heat-supply,  as  measured  by  the  reduction  in  quantity  of 
heat  or  of  feed  water,  or  of  the  steam  sent  to  the  engine  from  the 
boiler,  and  the  cost  of  the  latter.  Its  economic  value  increases 
or  diminishes  as  the  excess  of  gain  over  loss  increases,  and  in 
rapid  ratio. 

Results  similar  to  the  above  may  be  obtained  by  the  designer 
for  a  proposed  engine,  by  computing  the  ideal  case,  adding  the 
expected  wastes  for  a  number  of  adjustments  of  engine  to  its 
work,  approximating  that  anticipated  to  be  on  the  whole  best, 
constructing  curves  like  those  just  described  as  obtained  from 
the  actual  case,  and  thus  identifying  the  set  of  conditions  likely 
to  give  best  results.  This  is  now  a  familiar  method,  and  need 
not  be  further  described  here.f  The  results  of  such  computa- 
tions are  illustrated  in  the  next  plate,  in  which  the  case  of  a 
compound  engine,  worked  condensing  and  non-condensing,  is 
taken  and  efficiencies  of  the  ideal  engine  are  compared  with 
those  of  the  real  engine,  steam-pressure  250  pounds,  back  pres- 
sures 5  and  20  pounds,  respectively,  expansions  from  10  to  50 
and  from  5  to  2i).  The  ideal  case  is  computed  by  Eankine's 
methods. I  The  real  case  is  that  in  which  the  engine  is  of  such 
size  and  jDroportions  as  to  be  subject  to  wastes  in  similar  pro- 
portion to  those  observed  in  the  Sandy  Hook  experiments  com- 
monly taken  by  the  writer  as  representative  of  the  performance 

"  Manual  of  the  Steam- Engine.  Part  I.,  art.  156,  p.  648.  Also  Journal  Frank- 
lin Institute,  April,  1891,  "  On  a  [Maximum  Steam  Jacket  Efficiency." 

+  Manual  of  the  Steam-Engine.  Part  I.,  art.  155,  pp.  63C-647.  Also,  Trans- 
actions.  Am.  S.  M.  E.,  Xo.  ccccli..  Vol.  xii.,  1891. 

X  Rankine's  Prime  Movers.     Pp.  375-411. 
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of  engines  of  200  or  330  horse-power,  for  uu jacketed  simple 
engines,  and  tliree-fourths  this  proportion  when  jacketed  and 
one-half  the  latter  quantity  when  compounded."  The  evapora- 
tion is  taken  at  9  pounds  water  per  pound  of  fuel,  for  104°  Fahr., 
for  the  condensing  and  10  from  20-^  Fahr.,  for  the  non-condens- 
ing engine. 

The  plate  (Fig.  130)  gives  not  only  the  computed  figures,  but  tne 
construction  of^curves,  as  shown  here,  with  these  scattered  data 
determining  their  loci,  and  gives  beautifully  the  means  of  finding 
maxima  and  minima— the  most  important  advantage  of  this 
system  of  record  by  graphic  and  by  glyptic  constructions.  With 
data  as  above  stated  and  assuming  an  efficiency  of  machine  of 
92.5  and  of  90  per  cent.,  respectively,  for  the  non-condensing  and 
the  condensing  engine,  the  following  values  can  be  read  from 
the  curves  :  t 

Compound  Jacketed  Engine. 

pi  =  250  ;  pi  —  b  and  16  ;  /•  variable. 


NOX-CONDENPIKG.  CoNIlENSISG. 


Case. 


Ideal.  Real.  Ideal.  Real 


r  for  Maxiunim  Efficicieucy .  ■  •  11 

'  •     Minimum  Fuel 11 

Water I  13 

Water  per  I.  H.  P.  per  lioiir 13 

Fuel  per  I.  H.  P.  per  liour 1  ■ 

Water  per  D.  H.  P I  l^-" 

Fuel  per  D.  H.  P 1 


35 


8.5 
8.5 
9.5 

14.75 
1.68 

16 
1.8 


32 

32 

38 
8.5 

1  .1 
8.5 
1.2 


17 
17 
21 
12 

1. 
13. 

1. 
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It  will  be  seen  that  the  effect  of  the  introduction  of  wastes  is 
to  reduce  greatly  the  ratio  of  expansion  giving  maximum  effici- 
ency, and  to  make  variations  from  that  ratio  of  maximum  effi- 
ciency more  seriously  productive  of  loss,  while  at  the  same 
time  making  the  differences  between  the  several  cases  less  in 
the  real  than  in  the  ideal  engine.  The  last  given  figures  for  r 
have  no  other  than  speculative  interest,  as  the  only  important 
question  is  at  what  ratio  will  the  least  heat  be  demanded  from 
the  fuel?  The  better  the  conditions  of  constructio9i  and  opera- 
tion of  the  engine,  and  the  less  the  difference  between  the  two 
sets  of  cases,  the  nearer  will  the  value  of  the  ratio  of  maximum 


*  Mrtmial  oftJie  Steam-Engine.     Thurston.     Part  I.,  pp.  642-647. 

\  Ibidem.     Also,  Tmnsartiom,  Am.  S.  M.  E.,  Vol.  xii.,  1891,  Xo.  cccc.xlvii. 
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Fm.  130. — Steam-Engine  Economy. 


efficiency  and  minimum  expenditure  of  steam  and  of  fuel  ap- 
proach a  common  value — that  for  the  ideal  case. 

Mr.  H.  r.  "W.  Burstall,  M.A.,  has  designed  an  ingenious  and 
convenient  model  (Fig.  131),  exhibiting  the  relations  of  pressure. 
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Fig.  131. — Thermodynamic  Model. 
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volume  and  temperature  for  oue  pound  of  steam,  in  wliicli  the 
various  surfaces  formed  by  pairs  of  co-ordinates  are  represented 
by  cords  and  a  frame  carrying  another  set  of  stretched  cords  is 
made  to  traverse  the  S3'stem,  constantly  parallel  Avith  itself, 
thus  giving  a  plane  at  any  desired  point,  and  identifying  the 
particular  set  of  conditions  to  be  examined,  and  the  values  of 
the  defining  measures.  This  very  admirable  device  is  shown  in 
the  accompanying  figure,  as  made  for  Sibley  College,  on  the 
order  of  the  writer,  recently,  by  Mr.  Hicks.  The  moveable 
frame  is  counterbalanced,  so  that  it  may  l)e  readily  moved  and 
j^laced  at  any  desired  position.  In  the  figure,  it  is  shown  as  set 
a  few  inches  above  the  base  of  the  model,  which  is  made  for  one 
pound  of  steam.  Volumes  are  measured  vertically,  as  shown  by 
the  series  of  cords  of  which  the  uppermost  terminals  form  a 
parabolic  outline  as  they  stretch  from  the  nearer  side  of  the 
base  of  the  apparatus  to  the  connections  with  the  corresponding 
vertical  cords  on  the  further  side.  On  the  base  are  inscribed 
scales  of  temperature  and  of  pressure,  absolute,  and  the  volume 
measures  are  given  upon  the  corner-posts.  The  scale  at  right 
angles  with  the  temperature-scale  is  thai  of  entropy.  The  areas 
enclosed  in  the  figvire  marked  out  upon  the  base  measure  en- 
tropy-temperature, or  heat-energy,  in  British  thermal  units. 

Prof.  W.  F.  Durand  lias  adopted  a  very  interesting  glyptic 
system  of  representation  of  the  thermodynamic  proj)erties  of 
steam,  the  model  for  whicli  is  seen  in  Fig.  132.  This  gives  a 
continuous,  glyptic,  history  of  the  mutual  relations  between  the 
three  characteristic  quantities  of  the  substance,  pressure,  volume 
and  temperature,  and  for  JI ^  0  in  every  state  from  that  of  a 
mixture  of  steam  and  water,  through  the  definite  stage,  satur- 
ated steam,  to  the  condition  of  superheated  steam.  The  co- 
ordinates measuring  pressure  and  volume  are  here  taken  in  the 
horizontal  plane  and  temperature  in  the  vertical  direction. 

The  surface  exhibiting  the  7),  v,  t  relations  of  steam  and  water 
is  cylindrical,  its  section  being  uniform  in  j^lanes  j)arallel  to 
p.  t,  and  its  axis  lying  in  the  direction  of  the  axis  of  volume. 
Its  equation  is  : 

1>  --=f  (0  ;  ovt^-  a)  (p), 
which  function  is  that  expressing  the  relations  between  pressure 
and  temperature  for  saturated  steam. 

For  saturated  steam,  the  locus  is  a  line  on  the  cylinder 
above  described,  which  is  defined  by  a  value  of  v  equal,  at  each 
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value  of  2^  or  t,  to  the  voluine  of  unity  of  weight  of  saturated 
steam  under  these  conditions. 

The  superheated-steam  figure  is  taken  as  represented  by  the 

equation 

^  p  V  ■=  85.5  T, 

p  V  =  0.5937  T, 
the  one  or  the  other  of  these  expressions  being  adopted,  accord- 


l 


Fifi.  13^. — Steam  Gknp:ratton  Modki. 


ingly  as  the  pressure  is  measured  in  pounds  on  the  square  foot 
or  in  pounds  on  the  square  inch. 

The  two  surfaces  illustrated  on  the  model  for  the  two  cases 
above  described  do  not  intersect  each  other  sharply  and  with 
the  production  of  a  defined  angle  ;  but,  as  the  intermediate  con- 
dition is  approached,  gradually  become  blended,  in  accordance 
with  the  well-known  experimentally  determined  facts  of  the 
case.  Neither  the  one  or  the  other  of  the  two  surfaces  exactly 
35 
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represents  the  condition  of  the  fluid  as  shown  by  experiment  to 
exist  when  the  substance  is  changing  from  the  saturated  to  the 
superheated  condition ;  and  it  is  also  the  fact  that  the  higher 
the  temperatures  and  pressures,  the  broader  the  space  marking 
the  transition  period.  At  low  temperatures  and  pressures,  as 
■we  near  the  freezing  point,  saturated  vapor  is  considered  a  gas 
b}'  Piaukine  and  other  writers,  a  condition  which  can  only  be  at- 
tained at  high-pressures  by  considerably  superheating  it.  Thus, 
between  the  two  main  surfaces  lies  an  intermediate  portion,  con- 
stituting a  fillet  of  insensible  dimensions  at  low  pressures  and 
becoming  very  observable  at  high  pressures,  where  the  super- 
heating must  be  made  some  15  degrees  or  more  to  produce  gasi- 
fication. 

Tlie  model  here  shown  is  constructed  for  temperatures  up  to 
360  degrees  Fahr.,  for  pressures  up  to  153  pounds  per  square 
inch,  and  for  volumes  limited  to  22  cubic  feet.  The  units  em- 
ployed are,  in  this  example,  those  of  the  Fahrenheit  scale  of 
temperature,  volumes  iu  cul)ic  feet,  and  pounds  on  the  square 
inch. 

Horizontal  sections  ou  this  model  give  the  isothermal  curves 
for  the  whole  range,  from  the  condition  of  water,  through  the 
various  proportions  of  water  and  steam,  up  to  the  condition  of 
superheated  steam  at  the  limit  of  the  scale  adopted.  Vertical 
sections,  parallel  to  p  t,  give  continuous  histories  of  the  rela- 
tion between  pressures  and  temperatures  for  constant  volume. 
Vertical  sections,  parallel  to  /•  f,  give  continuous  measures  of 
the  relation  between  A-oliime  and  temperature  at  constant  pres- 
sure. 

Adiabatic  lines  are  space-curves,  here  running  obliquely 
downward  toward  increasing  volume,  and  those  of  appropriate 
location  cross  the  intermediate  condition,  from  the  one  surface 
to  the  other,  illustrating  the  fact  first  brought  out  by  Eankine 
and  by  Clausius,  of  condensation  of  dry  or  superheated  steam 
with  adiabatic  expansion. 

The  accompanying  diagram,  Fig.  133,  represents  the  varying 
efficiencies  of  an  "  automatic  "  steam-engine,  making  280  revolu- 
tions per  minute,  and  with  an  ordinarily  good  steam-distribu- 
tion, the  constants  in  the  equations  of  the  curves  employed 
having  been  determined  by  a  careful  trial  of  the  engine,  and 
thus  made  practically  exact  for  such  an  engine.  The  fact  of  the 
existence  of  a  well-defined  point  of  maximum  economy  of  heat 
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and  steam  and  fuel  is  well  brought  out  by  the  diagram.  The 
table  which  follows  shows  what  variations  may  be  expected  as 
consequent  upon  varying  steam-pressures,  and  further  shows 
clearly,  though  not  with  precision,  the  existence  of  a  similar 
point  of  maximum  economy  for  every  pressure,  which  point, 
however,  is  found  at  a  higher  ratio  of  expansion  as  pressures 
rise,  as  is  in  any  case  obvious.  In  the  formula  for  computation 
of  internal  wastes  of  heat  and  steam,  a  is  in  this  instance  very 
nearly  4,  as  in  the  Sandy  Hook  experiments."     The  mechanical 
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[non-condensing. J  THunsTON 

Fig.  133. 

efficiency  of  the  engine  is  0.85  ;  w^hich  is  lower  than  it  should  be, 
although  it  is  measured  at  a  comparatively  high  ratio  of  expan- 
sion, and  thus  made  to  api3ear  larger  than  under  more  usual 
conditions.  External  heat-losses  amount  to  about  0.5  British 
Thermal  Units  per  square  foot  of  exterior  surfaces,  per  degree 
range  of  temperature  above  atmospheric,  100  degrees  Fahr.  The 
engine  is  non-condensing  and  demands  about  W  =  250/ Vp, 
pounds  of  steam  per  indicated  horse-power  per  hour,  at  best  cut- 
offs. The  best  ratio  of  expansion  is  not  far  from  r  =  0.5  '^j^i.  For 
best  commercial  results,  about  two-thirds  this  ratio  is  usually 
better. 


'^  Manual  of  the  Steam  Engine,  vol.  i. ,  art.  137,  et  seq.  fr=:  ad 
ter  cylinder  ;  r  =  ratio  expansion  ;  n  —  revolutions  per  second. 
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*  For  details  of  computations  of  such  results,  see  Thurston's  Manual  of  the  Steam  Engine, 
vol.  ii.  and  App.,  edition  of  1897. 


Maxima  and  minima  of  functions  of  three  variables,  as  lias 
been  seen  already,  may  be  found  as  readily  by  the  use  of  glyptic 
or  relief  representation  as  can  those  of  two  variables  by  the  use 
of  plane  curves ;  and  the  whole  area  of  investigation  may  be 
thus  explored  to  find  special,  or  peculiarly  interesting  or  im- 
portant results.  The  following  application  of  the  method  first 
employed  by  the  writer  to  the  determination  of  compositioiis  of 
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maximum  value,  among  the  kalclioid  alloys,  illustrates  an  original 
investigation  of  efficiencies  of  the  steam-engine  by  similar  pro- 
cesses, as  made  under  supervision  of  the  writer,  and  completed  by 
the  construction  of  bronze  relief-models,  photographs  of  which 
will  give  some  idea,  at  least,  of  the  broad  and  fruitful  character  of 
these  methods.  All  the  computations  were  made  by  Messrs.  H. 
W.  Ludlam  and  E.  E.  Hill,  in  the  laboratories  of  Sibley  College, 
■during  the  college  year  1891-2.  The  models  were  constructed  by 
Mr.  Hill  mainly,  the  curves  and  plaster  casts  serving  as  models 
for  the  metal  reliefs,  having  been  made  as  the  work  of  computa- 
tion progressed.  All  figures  were  checked  by  double  computa- 
tion and  comparison. 

An  engine  worked  at  its  minimum  limit  of  economical  steam- 
pressure  as  was  assumed,  was  selected  for  study  and  test.  This 
machine  had  the  dimensions  : 

Cylinder  diameter,  inches 21.0 

Piston  stroke,  inches 20.0 

Clearance,  per  cent 9.5 

Indicated  horse-power 125.5 

Boiler  pressure,  poundc 100.0 

Vacuum,  inches 24.0 

Initial  condensation  is  found  to  amount  to  41  per  cent.,  a  large 
proportion,  but  not  remarkable  for  an  unjacketed  cylinder.  In 
fact,  little  could  be  expected  of  a  jacket  here,  if  used.  The  expan- 
sion of  the  steam,  as  shown  by  the  diagrams,  follows  very  closely 
the  law  taken  as  correct  for  steam  dry  and  saturated,  and  the 
index  n  =  1.132.  This  index  is  taken  as  7i  =  1.035  +  0.1  x; 
when  X  is  the  "quality"  of  the  steam — in  this  case  0.966.  Had 
this  line  been  exactly  followed,  without  loss  due  internal  waste 
of  heat  between  cylinder  and  condenser,  the  indicated  horse- 
power would  have  measured  168,  instead  of  as  actually,  125.5. 
The  co-efficient  for  this  case  is  here,  therefore,  125.5/168  =  0.74. 

Taking  the  case  as  representing  the  expansion  of  one  cubic 
foot  of  steam  from  the  initial  ]3ressure,  we  find,  by  the  exact  for- 
mulas of  thermodjmamic  transformations  occurring  adiabatically 
and  between  100  and?  pounds  per  square  inch,  absolute,  the  ratio 
of  expansion,  /•/  and  tha  terminal  volume,  r,  is  11.28  cubic  feet. 
33}' the  approximate  expression, jh-''"  =  constant,  the  figure  is 
13.31.  The  volume  of  the  fluid  measured  off,  as  steam,  per 
stroke,  was  0.425  cubic  feet ;  strokes  per  minute,  166 ;  computed 
liorse-power,  168 ;  actual  as  measured,  125.5. 
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Studying  this  case  the  problem  was  attacked ;  to  determine 
the  best  expansions  and  best  pressures  for  this  engine  under 
different  loads.  In  the  solution  of  this  problem,  three  variables 
entered,  and  the  glyptic  system  of  representation  is  therefore 
illustrated.  In  the  surface  thus  constructed,  the  points  of  cut- 
otr  are  laid  off  on  the  axis  of  X ;  the  pressures  on  the  axis  of  Y, 
and  the  weights  of  water  demanded,  per  horse-power  and  per 
hour,  are  given  by  the  ordinates  on  Z.  Then  curves  of  constant 
load  may  be  drawn  and  projected  upon  the  surface ;  and  curves 
of  equal  water-consumption  similarly.  This  being  done,  the 
power  demanded,  during  a  given  run,  being  known  or  estimated, 
the  eye,  at  a  glance,  sees  what  is  the  best  pressure  and  cut-off 
for  that  load.  Pressures  are  here  taken  ranging  from  190  to  90 
pounds,  absolute,  and  ratios  of  expansion  from  16.67  to  0.1 ; 
"  cut-offs "  varying  between  0.06  and  0.23,  as  referred  to  the 
large  cylinder.  As  representing  a  general  case,  the  Rankine 
approximate  expression  for  adiabatic  expansion  of  moist  steam 
was  used  in  the  computations:  jwVf  =  constant.  A,  constant  dif- 
ference above  given,  was  taken  between  the  ideal  and  the  actual 
diagram,  and  between  the  comjjuted  and  the  probable  real  work 
done.  Internal  wastes  were  computed  by  the  Fourier  formula, 
giving  an  error  on  the  right  side,  and  probably  unimportant."''' 
Curves  of  condensation-wastes  were  drawn  for  each  pressure,  and 
the  values,  oc  of  this  loss,  thus  obtained  were  employed  in  finding 
the  total  consumption  of  water  by  adding  the  fraction  of  con- 
densation thus  obtained  to  the  computed  quantity  of  steam 
demanded  in  adiabatic  expansion.  That  is  to  say  (1  +  X) : 
multiplied  by  the  steamed  computed  or  measured  for  the  ideal 
case  was  taken  as  the  probable  steam  consumption. 

The  accompanying  plate  exhibits  graphically  these  variations 
of  waste,  for  four  pressures  and  for  a  wide  range  of  expansion- 
ratios,  and  exhibits  the  general  fact  of  rapid  exaggeration  of 
wastes  by  increasing  expansions,  and  the  increase  of  wastes  of 
this  character  with  increasing  pressures  and  ranges  of  tempera- 
ture between  initial  and  terminal  and  back  pressure.    (Fig.  134.) 

The  plate  illustrates  the  variation  of  water  consumption  per 
horse-power  per  hour,  the  same  premises  being  taken,  and 
the  well-known  fact  of  the  existence  of  a  minimum  at  a  ratio  of 
expansion  appropriate  to  each  pressure  for  the  given  engine. 


*  Manual,  page  517. 
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Thus  we  find  the  best  ratio  of  expausion  in  this  respect  for  this 
engine,  in  this  case,  at  about  7,  varying  from  0,  nearly,  at  the 
lowest  of  these  pressures  to  a  trifle  over  7  at  the  highest.  It  is  also 
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seen  that,  in  these  cases,  the  economical  expansion  is  less  sub- 
ject to  variation  of  serious  amount  with  varying  loads  at  the 
highest  than  at  the  lowest  pressures,  the  water-consumption 
varying  much  less  in  the  latter  cases.      The  engine  is  not  only 
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more  economical  at  tlie  highest  pressures,  but  has  a  more  con- 
stant efficiency. 

The  table  next  given  presents  the  final  results  of  all  computa- 
tions so  far  as  needed  for  the  production  of  the  models  to  be 
here  used  in  illustration  of  this  paper.  These  figures  are  now 
to  be  employed  in  the  construction  of  curves  forming  elements 
of  the  surface  to  be  constructed  in  the  solution  of  this  problem. 
The  figures  thus  obtained  being  transferred,  on  a  convenient 
scale,  as  shown  in  the  next  plate,  it  is  easy  to  make  them  a  basis 
for  such  a  method  of  operation  and  such  a  construction  as  was 
employed,  first,  in  the  exhibition  of  the  useful  qualities  of  the 
alloys.  The  several  lines  of  water-consumption  for  constant 
ratio  of  expansion  and  varying  pressures,  as  shown,  herewith, 
in  Fig.  134  above,  being  drawn,  each  is  taken  as  the  intersec- 
tion of  an  appropriate  plane  with  the  surface  to  be  con- 
structed; and  these  several  elements  being  found  and  their 
ordiuates  erected  on  the  base-plane,  the  construction  of  the  re- 
quired relief  model  becomes  a  simple  and  easy  matter.  The 
surface  taken  as  illustrative,  in  this  case,  was  formed  by  direct 
transfer  of  the  lines  here  shown,  in  reduced  scale. 
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The  model,  as  finally  produced  and  cast  in  bronze  for  class- 
illnstration,  is  shown  in  the  Fig.  135,  repi-oduced  by  photographs 
from  the  original.  This  surface  noAV  gives  the  results  of  all 
possible  adjustments  of  pressure  and  cut-off  Avithin  the  extremes 
chosen  for  its  field  ;  and  we  see  here,  as  in  the  case  of  the  ternary 
alloy  model,  that  we  are  thus  enabled  to  represent  an  infinite 
number  of  cases  from  the  results  of  study  of  a  few,  and  to  find  a 
minimum  or  a  maximum,  if  it  exists,  whether  it  happens  to  be 
one  of  the  cases  selected  or  not ;  tlie  chances  being,  of  course, 
infinitely  against  such  an  occurrence.  We  see  at  once,  also, 
that  there  is  no  maximum  efficiency  within  this  range,  for  this 
engine,  with  increasing  pressures  ;  but  that  there  are  maxima 
with  varying  ratio  of  expansion. 

The  variation  of  the  pressures  from  lowest  to  highest,  over  a 
range  of  100  pounds  per  square  inch  from  the  lowest  taken  as 
suitable  for  the  engine  studied — between  90  and  190  pounds — 
produces  a  wide  variation  of  economical  working  for  each  cut- 
off, but  there  is  a  general  tendency  to  increase  efficiency  with 
increasing  pressures,  whatever  the  expansion ;  and  this  varia- 
tion also  tends  to  approach  a  common  minimum  expenditure  of 
heat,  steam  and  fuel,  at  about  1,000  pounds,  probably,  but  quite 
off  the  field  explored,  and  beyond  the  range  of  current  practice, 
or  even  of  radical  practice  of  the  present  day.  The  consump- 
tion of  water  and  steam  is  seen  to  vary  with  rough  approxima- 
tion, as  the  reciprocal  of  the  square  root  of  the  boiler  pressure, 
and  to  be  represented,  for  usual  conditions,  as  a  minimum,  by 

where  a  varies  from  about  250  in  the  least  favorable  case  given, 
to  185  for  the  best.  Perhaps  200  may  be  taken  as  fair  value, 
here.  It  is  evident  that,  under  the  conditions  here  assumed,  it 
is  advisable  to  adopt  as  high  a  boiler  pressure  as  may  be  found 
by  experience  wise  on  the  score  of  prudence,  and  desirable  on 
the  score  of  insurance.  This  conclusion  is  supported  by  the 
fact  that  we  are  constantly  increasing  pressures,  in  locations  in 
which  economy  of  fuel  is  serioiisly  important,  as  at  sea,  and  that 
no  thermodynamic  limit  is  yet  in  sight. 

The  variation  of  the  ratio  of  expansion,  or  of  cut-off,  illus- 
trates a  very  different  law.  It  is  seen  that  the  model  represents 
a  portion  of  a  valley  between  elevations,  and  that  it  shoAvs  plainly 
and  indisputably  the   now  familiar  fact  of  the  existence  of  a 
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minimum  economical  expansion,  a  maximum  efficiency  with 
varying  cut-otf,  as  shown  by  Isherwood,  experimentally,  for  the 
marine  engine  a  generation  ago  (I860).*  This  expansion  for 
maximnm  efficiency  is  seen  to  be  substantially  the  same  for  all 
pressures,  with  the  engine  here  studied,  and  iinder  the  condi- 
tions assumed  as  those  of  its  operation  and  is  very  nearly  ;•  =  7, 
thus  corresponding  accurately  with  the  deduction  of  Hallauer 
for  the  compoimd  engine,  as  the  result  of  his  comparatively 
limited  experimental  researches.  A  singular  deduction,  such  as 
this,  could  be  given  positive  proof  by  such  a  concurrence 
of  evidence  only  as  could  be  secured  either  by  a  very  large 
number  of  observations,  or  by  the  construction  of  the  surface  in 
which  scattered  observations  could  be  grouped  and  made  to 
sustain  each  other  by  falling  into  a  smooth  area  of  Avhich  the 
intersections  by  vertical  planes,  in  Avhatever  directions,  give 
smooth  curves.  It  is  only  by  such  constructions  that  the  point  of 
maximum  efficiency  for  lioth  pressure  and  expansion  can  be  identi- 
fied with  accuracy  at  all,  or  a  fact  like  that  just  jiointed  out  dis- 
covered. It  is  this  conclusion  that  is  here  intended  especially 
to  be  emphasized,  and  the  precise  value,  or  even  the  exact  pre- 
cision of  the  illustrative  example  is  here  of  no  special  import- 
ance. The  value  of  the  method  can  be  now  readily  recognized 
and  fully  appreciated.  The  result  of  this  particular  observation 
is  the  determination  of  the  fact  that,  assuming  the  premises  to 
accord  with  current  and  average  fair  practice,  we  may  anticipate 
a  gain  in  economy  liy  increasing  steam  pi-essures  in  similar  cases 
without  known  limit,  and  an  economy  in  water-consumption 
varying  about  as  the  reciprocal  of  the  square  root  of  the  boiler 
pressure.  It  is  thus  indicated  that  the  deduced  ratio  of  expan- 
sion represents  a  cut-off  of  maximum  efficiency,  the  cost  of 
operation,  in  fuel  and  in  steam,  being  greater  with  either  a 
larger  or  a  smaller  ratio  of  expansion.  It  is  further  seen  that, 
under  such  conditions  of  operation,  the  variation  in  efficiency 
with  varying  pressures  is  less  rapid  as  this  best  adjustment  is 
approximated,  and  that,  with  varying  cut-off,  the  differences  are 
greater  as  the  pressures  are  lower,  while  becoming  compara- 
tively small  with  tlie  highest  pressures.  A  drop  of  water  would 
trace,  by  its  flow  on  this  model,  a  line  of  minima  and  of  best 
adjustments  for  the  whole  series  of  pressures.     High  pressures 

*  Experimental  Researches  in  Steam  Engineering. 
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are  thus  less  subject  to  wastes  from  variable  loads  with  this 
engine  than  are  low  ]iressures.  If  we  were  to  apply  it  to  electric 
street  railway  work  we  should  adopt  the  liighest  pressures 
practicable.  The  premises  here  taken  are,  in  the  opinion  of  the 
writer,  fairly  representative  of  good  average  practice,  and  these 
deductions  are  prol)ably  fairly  accurate  for  the  cases  taken. 

Still  another,  and  perhaps  even  a  more  important,  and  cer- 
tainly more  curious  and  interesting  jDroblem  may  be  solved,  and 
has  been  solved,  for  this  engine  by  this  system  of  glyptic  repre- 
sentation. This  problem  bears  the  same  relation  to  the  Eankine 
problem  of  the  best  point  of  cut-oft",  as  a  problem  in  finance, 
that  the  problems  of  maxima  and  minima  in  the  difi'erential  cal- 
culus bear  to  those  solved  by  the  application  of  the  calculus  of 
variations.  As  already  seen,  the  graphic  representation  of  a 
series  of  observations  by  means  of  a  curve,  as  in  the  case  of  the 
binary  alloys  and  of  the  curves  of  water-consumption  which  liave 
been  described,  permits  the  identification  of  the  exact  location 
of  a  minimum  or  of  a  maximum,  even  though  that  point  may  be 
not  even  approximate  to  any  computed  or  observed  point  identi- 
fied for  the  curve.  Similarly,  the  employment  of  the  glyptic  sys- 
tem of  representation  of  variations  of  three  quantities,  as  here 
illustrated,  in  the  relief-model  of  the  ternary  alloys,  and  in  these 
engine-efl&ciency  surfaces,  affords  a  means  of  determining  ac- 
curately the  curve  of  best  result  in  any  given  case  of  variation 
of  either  pair  of  variables,  and  also  the  maximum  or  the  minimum 
in  that  curve,  and  for  the  whole  surface.  It  may  even  happen 
that  there  are  two  or  more  such  curves  or  such  minima  or 
maxima. 

The  final  problem,  in  the  present  case,  is  the  following :  To 
find  the  hest  adjustment  of  iwtoer  for  the  given  enr/ine,  and  the  best 
arrangement  of  pressures  and  expansions  for  that  load. 

The  following  case  is  presented  as  illustrative  of  the  method, 
not  as  giving  a  specific  set  of  values.  These  should  be  deter- 
mined for  each  case,  and  by  reference  to  the  commercial  condi- 
tions of  that  particular  case  and  for  the  circumstances  char- 
acteristic of  the  location  and  operation  of  the  machine.  AVe 
proceed  thus  : 

Construct  a  surface  which  the  ordinates,  s,  represent  the  work 
done  per  unit  weight  of  water,  or  unit  volume  of  steam,  consumed, 
the  abscissas  on  the  axis  of  .r  the  cut-off,  and  those  along  i/  the 
varying  steam-pressures.     This  surface  will  be  found  quite  simi- 
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lar  to  that  already  illustrated,  but  inverted — ordinates  here  beinsr 
reciprocal  of  those — and  being  convex  instead  of  concave  to  the 
base-i)lane.  (Fig.  136.)  Let  the  work  performed  b}-  the  engine 
at  any  given  pressure  and  cut-oif  be  represented  by  the  effective 
horse-power  of  the  machine — its  dynamometric  power — deter- 
mined either  directly  by  experiment  for  a  suitable  set  of  observ- 
ations as  to  number  and  distribution,  or  by  computation  of 
selected  cases,  giving  uniformly  distributed  ordinates.  Hori- 
zontal, X  2,  planes  passed  through  the  surface  thus  constructed 
will,  by  their  intersections,  give  a  set  of  curves  of  equal  power 
and  work,  like  the  profile  lines  on  a  topographical  relief.  The 
figu.re  here  given  illustrates  such  a  surface  and  such  lines  as 
obtained  for  the  case  in  hand.  This  surface  intersects  the  base- 
i:>lane  at  some  distance  from  the  origin,  its  ordinates  becoming 
negative  at  that  line  representing  those  values  of  the  power  and 
work  at  which  the  internal  and  other  wastes  become  so  great  as 
to  consume  all  steam  supj)lied,  and  just  turn  the  engine  over  at 
its  prescribed  speed,  without  external  load  at  its  shaft  or  on  the 
dynamometer.  Vertical  planes  passed  through  this  surface, 
parallel  to  the  axis  of  x,  form  by  their  intersections  "  curves  of 
efficiency,"  as  the  writer  has  called  them,  such  as  Rankine  first 
described  for  the  ideal  case,  and  such  as,  for  the  actual  case,  the 
writer  has  applied  to  the  solution  of  similar  problems  relating 
to  the  real  engine,  all  wastes  being  taken  into  account.*  The 
present  problem  requires  the  identification,  first  of  the  best  of 
these  curves  for  the  given  engine  and  for  a  stated  power,  and 
second  the  best  adjustment  of  pressure  and  cut-oft'  for  that 
power  and  pressure,  financial  considerations  being  the  control- 
ling conditions.  Once  this  surface  is  obtained  for  the  proposed 
engine  and  for  a  sufiiciently  wide  range  of  conditions,  the  solu- 
tion of  this  problem  involves  simply  the  examination  of  the 
market  prices  for  the  locality  in  which  it  is  to  be  used,  and  the 
questions  jjroposed  for  solution  are  quickly  and  easily  answered. 
In  many  cases  these  quantities  are  not  ascertainable  with  perfect 
accuracy  ;  but  they  may  almost  invariably  be  determined  with 
sufficient  approximation  for  practical  purposes,  and  even  an 
approximate  solution  of  such  problems  is  vastly  better  than  the 
usual  "  guess  "  of  the  builder,  who  invariably  seeks  maximum 
duty  and  usually  gives  altogether  too  large  an  engine  for  highest 
commercial  efl&ciency.t 

*  Manual  of  the  SteamEngine.     Part  i.,  cliap.  7.  f  Ibidem. 
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Such  a  model  beiug  constructed,  many  problems  may  be 
solved  readily  and  with  satisfactory  accuracy  Avhich  could,  per- 
haps, not  be  solved  at  all,  or,  if  at  all,  only  with  great  difficulty, 
and  Avitli  indifferent  accuracy  and  certainty,  by  any  other  means. 
This  new  application  of  the  relief-model  thus  serves  an  excellent 
purpose  in  the  prosecution  of  those  investigations  which  have 
now  come  to  be  of  primary  im])ortance  in  the  further  advance 
of  our  practice  in  steam  engineering.  Since  the  ordinates  in  y 
measure  the  work  done  b}-  quantities  of  steam  measured  on  the 
abscissas  in  x,  for  any  given  steam  pressure  measured  off  on  .?, 
the  unit  of  measure  may  be  taken  as  required,  either  with  refer- 
ence to  the  work  performed  at  full  stroke,  as  unity,  which  was 
Bankine's  method,  or  Avitli  reference  to  the  poAver  of  the  given 
engine  taken  at  full  stroke,  as  unity.  If  we  take  the  horse-power 
of  the  engine  as  indicated  by  the  various  curves  on  the  surface 
of  the  model  by  intersections  with  suitably  located  horizontal 
planes,  the  ordinates  will  measure  the  quantities  of  steam  re- 
quired to  do  those  quantities  of  work  referred  to  that  needed 
for  full-stroke  performance  as  a  standard. 

Since  the  ordinates,  on  my  appropriate  scale,  thus  measure 
work  and  the  abscissas  in  x  the  corresponding  expenditure  of 
steam,  we  may  take  the  latter  as  the  measure,  also,  of  the  costs 
of  that  steam,  costs  at  full  stroke  being  the  unit.  This  per- 
mits the  application  of  the  construction  to  the  solution  of  all 
problems  of  maxima  and  minima  within  its  field,  relating  to 
costs  and  commercial  efficiencies.*  The  ratio  of  cost  of  steam 
to  work  done  by  it  is  measured  by  the  ratio  of  ordinate  to  x- 
abscissas,  for  any  point  on  the  surface,  and  this  ratio  is  a  maxi- 
mum when  the  angle  made  by  the  secant  drawn  from  the  point 
to  the  origin  makes  the  largest  possible  angle  with  the  axis  of 
X ;  and  this  occurs  when  it  becomes  a  tangent  to  the  surface. 
Hence,  to  find  maxima,  we  have  simply  to  draw  from  the  origin 
lines  tangent  to  the  surface,  in  any  x  ij  plane,  taken,  as  desired, 
on  such  point  in  z  as  represents  the  proposed  steam-pressure, 
and  the  expansion  for  maximum  duty  at  that  pressure  and  for  the 
given  engine  is  obtained.  This,  in  turn,  identifies  the  best  power 
at  which  to  rate  the  engine,  on  this  basis.  Further,  if  we 
measure  off,  to  the  left,  along  x,  distances  2)roportional  to  the 
costs  of  operation  which  vary  proportionally  with  the  size  of 

*  Ihulem,  Art.  181. 
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engine,  and  measured  in  units  of  value  equivalent  to  the  cost  of 
the  steam  used  for  full-stroke  of  the  engine  of  unity  volume  for 
full-stroke  work,  we  find  what  proportion  the  costs  variable  with 
the  size  of  engine  bear  to  the  similar  costs  of  steam  variable  Avith 
size  of  boiler,  unity  volume  of  steam  being,  in  this  case,  taken 
as  demanded  at  full-stroke.  These  costs  may  be  two  or  four  per 
cent.,  for  example,  of  the  full-steam  costs.  Adding  to  the  ab- 
scissas, by  drawing  in  at  the  left  of  the  origin  this  proportion  of 
the  total  steam-costs,  similar  maxima  to  those  previously  found 
may  be  obtained  which  will  show  what  is  the  best  method  of 
working  steam,  the  best  expansion  and  the  best  size  of  engine 
for  economical  operation,  from  the  financial  point  of  view. 
Numerous  other  problems  may  be  solved  in  a  similar  manner.* 
The  identification  of  the  test  pressure  and  expan.sion  for  a 
given  power,  with  a  given  engine,  is  one  of  those  problems  which 
illustrates  the  value  of  the  surface  representation,  the  "  surface 
of  efficiency,"  as  distinguished  from  the  "  curve  of  efficiency." 
Finding  the  plane  giving  the  maxima  efficiency,  and  that  point- 
in  its  curve  of  intersection  with  the  surface  which  gives  maxi- 
mum efficiency  in  that  plane,  the  best  adjustment  of  engine 
to  its  work  is  revealed,  and  a  problem  in  the  calculus  of  varia- 
tions is  thus  given  a  constructive  solution  with  the  greatest 
ease. 

Thus,  in  the  present  case,  the  model  gives  us  the  stated  data, 
for  the  case  in  which  the  problem  proposed  is  to  find  the  ad- 
justment of  an  extremely  wasteful  engine  at  various  pressures 
from  90  to  190  j)ouuds,  to  insure  highest  duty,  as  measured  by 
the  ratio  of  dynamometeric  work  to  weight  of  steam  and  fuel 
required  to  perform  it. 

These  cases  are  simply  illustrative,  and  are  not  to  be  taken 
as  more  than  fairly  approximative  in  any  one  problem,  and  then 
only  for  the  engine  and  for  the  conditions  of  operation  there 
taken  as  found  by  test  of  the  engine,  and  by  investigation  of 
markets  at  its  proposed  location ;  but  they  exhibit  the  fact  that 
the  real  problem  of  economy  in  engine-operation  dictates,  as  a 
rule,  much  smaller  engines,  and  lower  thermodynamic  efficiency 
than  is  commonly  sought  for,  and  less,  much  less,  than  can  be 
obtained  with  the  engine  adjusted  for  maximum  duty,  irrespec- 
tive of  its  own  running  costs  and   the  treasurer's  account  of 

*  Ibidem,  Arts.  19:3-7. 


GRAPHIC   DIAGRAMS   AND   GLYPTIC    MODELS.  0-17 

annual  expenses,  iuclutling  the  value  of  capital  invested  in  it 
and  its  accessories. 

It  will  be  noted  tliat  all  the  ratings  here  obtained,  as  exhibited 
above,  give  ratios  of  expansion  far  within  those  usually  con- 
sidered to  dictate  the  adoption  of  even  the  compound  engine ; 
and  it  follows-  that  the  designer,  for  the  case  here  taken  would 
employ'  a  simple  engine,  presumably  taking  the  precaution  to 
insure  dry  or  moderately  superheated  steam,  and,  if  the  engine 
is  to  work  at  low-speed,  or  if  it  has  proportions  justifying  it, 
jacketing  its  cylinders.  It  happens  that  in  this  particular  case  tlie 
multiple-cylinder  engine  would  not  pay,  and  it  is  not  impossible 
that  it  might  actually  prove  to  be  less  economical  than  the  sim- 
ple engine.  This,  at  first  thought,  singular  result  of  the  investi- 
gation comes  of  the  fact  that  the  engine  selected  for  study  is  of 
small  power  and  large  proportional  area  of  cylinder-wall,  and 
seriously  subject  to  internal  and  other  thermal  wastes ;  such  as 
would  not  usually  occur  in  any  such  proportion  in  a  more 
jiowerful  or  better  designed  or  larger  engine.  The  larger  the 
engine  the  dryer  the  steam,  and  the  more  perfectly  it  is  pro- 
tected against  internal  and  external  wastes,  the  larger  will  b(i  the 
ratio  of  expansion  at  which  it  can  be  ecomically  adjusted  to 
work,  and  the  more  nearly  will  it  approximate  in  its  commer- 
cially satisfactory  operation  those  conditions  which  are  known 
to  distinguish  the  ideal  case. 

Thus,  for  example,  the  figures  for  a  good  condensing  engine,  for 

steam-consumption  per  horse-power  per  hour  ma}^  approximate 

25 
the   quantity,  Tl"— ,  a  limit  now  actually  overpassed,  while 

an  ordinarily  well-designed,  but  small,  engine  may  demand  fifty 
per  cent,  more,  and  the  common  small  engine  on  the  market 
double  that  quantity  of  feed- water  for  each  indicated  horse-power. 
The  terminal  pressure,  for  maximum  duty,  in  the  best  cases, 
falls  as  low  as  7  or  8  pounds,  absolute,  with  condensation,  and 
20  pounds  on  the  square  inch,  above  vacuum,  with  non-conduct- 
ing engines,  while,  with  more  wasteful  machinery,  it  may  rise  to 
double  these  figures.  The  high-pressure  element  of  the  Sibley 
College  Experimental  Engine,  were  the  model  constructed  to 
represent  that  case,  would  give  the  following,  as  already  re- 
ported :  * 

*  Transactions,  Am.  S.  M.  E.,  Dec,  1866,  vol.  xviii. 
36 
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Economics  ok  Iuk.\l  ano  of  Real  ENurxK  (9  In.  x  ;{6  In.  ;  86  Rkvs.) 
Constant  Quantities. 

Roiler-])res.sure,  by  gauge 100  ll)s. 

Revolutions  per  minute . .       86  " 

Quiility  of  .steam  at  engine,  per  cent 98  '" 

Hack  pressure,  pounds  per  square  inch 5  " 

Friction  of  engine,  liorse-])o\ver 7. 25     " 

Expenditure  in  jiounds  of  steam  per  horse-power  per  hour. 


Ratio  of 
Expansion. 

IdealEngine. 

Frictional 
Loss. 

Radiation. 

Initial 
Condensa- 
tion. 

Real  Engine. 

PerlModel. 

Total 
01).«erved. 

1 

32.91 
20.50 
16.70 
15.11 
14.21 
13.52 
12.67 
12.22 
11.90 
11.70 
11.61 

1.73 
1.75 
1.78 
1.80 
1.83 
1.86 
1.98 
2.12 
2.37 
2.71 
3.06 

.267 
.268 
.268 
.270 
.271 
..272 
.275 
.280 
.291 
.305 
.331 

7.62 
6.68 
6.70 
7.01 
7.40 
7.70 
8.27 
9.10 
9.50 
10.30 
l-i.OO 

42.63 
29.18 
25.45 
24.19 
23.71 
23.35 
22.20 
24.08 
24.06 
24.92 
27.00 

2 

29  10 

3 

24  6 

4 

23.1 

5 

^2  8 

6 

22  6 

S 

10 

23.7 
24  0 

12 

24  5 

15 

25  5 

20 

28  0 

The  minimum  expenditure  would  be  found  at  six  or  eight  ex- 
pansions, and  seven  would  be  .presumably  selected  on  this  basis. 
The  finance  of  the  case  would  probably  bring  it  down  to  five. 
The  triple-expansion  engine,  under  similar  conditions,  gives 
highest  duty  /'  ==  13.8,  and  demands  13.3  pounds  of  feed-water, 
14:,000  British  thermal  units  per  horse-power  per  hour.  Its  best 
commercial  performance,  with  coal  at  $4  per  ton,  and  usual 
costs  for  other  supj^lies  and  attendance,  will  be  not  far  from  16 
pounds  at  a  ratio  of  expansion  of  about  S.  The  limitation  of 
the  exjDansion-ratio  in  the  manner  thus  indicates  a  limit  to  the 
introduction  of  the  multiple-expansion  engines,  where  fuel  is 
cheap  and  labor  expensive  and  repairs  a  serious  item,  and,  from 
this  point  of  view,  as  shown  so  strikingly  by  these  glyptic  repre- 
sentations of  the  relations  of  conditions  affecting  ultimate  econ- 
omy, it  is  readily  seen  that  every  engine  should  be  proportioned 
with  direct  and  final  reference  to  the  influence  of  its  operation 
upon  the  dividend-paying  power  of  the  establishment  of  which 
it  forms  a  part.  In  addition  to  the  wastes,  thermal  and  dynamic, 
here  brought  into  prominence  by  their  serious  influence  upon 
the  best  steam-distribution  of  the  engine,  it  is  found  that  busi- 
ness considerations  are  no  less  imjDerative  in  their  dictation  of 
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proper  adjustment  of  the  engine  to  its  work  and  in  directing 
that  compromise  between  the  coniiictiug  conditions  which  will 
give  the  best  satisfaction  from  the  standpoint  of  the  stockholder. 
A  model,  such  as  is  here  described,  might  thus  be  made  to 
give  a  complete  representation  of  the  whole  field  of  practice  in 
steam-engine  construction,  and  the  proper  apj^ortionment  of  the 
machine  to  its  work  under  specified  conditions  characterizing 
any  one  market.  Thus,  in  the  table,  we  have  such  determination 
for  a  variety  of  steam-pressiires,  and  for  a  variety  of  types  of 
engine.  The  ratio  of  initial  and  back-pressures;  the  ratio  of 
expansion,  /■',  for  maximum  efficiency  of  fluid  or  maximum  indi- 
cated power  for  a  stated  amount  of  heat,  steam  or  fuel  employed  ; 
the  ratio  of  expansion,  r  ,  for  maximum  efficiency  of  engine, 
giving  lowest  steam-consumption  for  a  stated  power  delivered 
and  for  highest  duty ;  the  ratio  of  expansion  at  maximum  com- 
mercial efficiency,  r'",  the  highest  efficiency  of  the  money  expen- 
diture, all  these  are  easily  determined,  the  correct  data  being 
once  secured  and  properly  used.  In  the  table,  the  assumption 
is  made  in  obtaining  the  last  mentioned  datum,  that  fuel  costs  five 
dollars  per  ton,  and  the  ratio,  i/,  of  costs  of  the  engines  con- 
sidered as  an  investment  to  the  costs  of  the  steam  supplied, 
both  measured  by  the  unit  of  volume,  is  as  given  in  its  appro- 
priate column  in  each  class.* 

Ratios  op  Expansion  at  Maximum  Efficiency  op  Fluid,  of  Engine  and 

OF  Capital. 
Simple  Engines. — Dry  Steam.  Compound,  Condensing,  Jacketed. 


i^i' 

3"t        NoN-CONDENSINti, 

CoNDENSINf 

,    MOD- 

Dky 

AND 

Sat- 

Sr 

iGUTi.Y  Super- 

IIiGU  Speed. 

EKATE  Speed. 

URATED  Steam. 

HEATED   S 

TEAM. 

p 

M 

Pb 

r 

,.ii 

r'" 

M 

Pb 

»■* 

,.ii 

;.lii 

M 

Pi 
Pb 

,,i 

,.ii 

»•'■' 

M 

Pb 

,., 

,ii 

,.ui 

40 

.02 

2 

2 

2 

2 

.04 

8 

2i 

24 

2 

.04 

7 

6 

5 

3 

.05 

8 

8 

6 

5 

60 

.02 

3 

3 

3 

22 

.04 

12 

3* 

3i 

3 

.04 

11 

8 

7 

4i 

.05 

12 

11 

8 

6 

80 

.02 

4 

4 

33 

8i 

.04 

16 

4i 

4 

3i 

.04 

14 

9 

8 

« 

.05 

13 

14 

10 

7 

100 

.02 

5 

5 

4i 

3i 

.04 

20 

41 

^ 

4 

.04 

17 

10 

9 

7 

.05 

18 

16 

12 

8 

120  .02 

6 

6 

H 

4- 

.04 

24 

5i 

5 

4i 

.04 

20 

11 

10 

8 

.05 

22 

20 

15 

9 

150  .02 

7i 

7 

6 

^ 

.04 

30 

6 

51- 

5 

.04 

25 

13 

10 

9 

.05 

27 

25 

17 

10 

*Manual  Steam-Engine,  vol.  i.,  chap.  7.   Transaction,  Am.  S.  M.  E.,  1882,  et  seq. 
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The  revelations  of  otherwise  uiiobservable  or  unnoticed  phe- 
nomena, and  especially  the  easy  identification  of  maximum  or 
minimum  values  of  important  data  by  the  use  of  these  graphic 
and  glyptic  methods,  are  seen  to  be,  sometimes,  at  least,  of  great 
interest  and  occasionally  of  supreme  importance.  The  examples 
here  are  given  to  be  taken  merely  as  illustrative,  for  they  are 
based  upon  data  which  are  only  correct  for  the  special  cases  to 
which  they  are  applied ;  but  it  is  usually  easy  to  ascertain,  wdth 
entire  accuracy  and  certainty,  all  the  quantities  needed  to  insure 
as  exact  deductions  for  any  case  with  which  the  engineer  has  to 
do  and  thus  to  effect  entirely  satisfactory  application  to  every- 
day practice. 

The  fact  that  it  is  now  w^ell-established  that  we  may  often,  if 
not  commonly,  by  a  single  engine-trial,  determine  the  constants 
needed  to  make  application  of  the  equations  of  the  various 
curves  of  these  diagrams,  and  to  construct  these  models,  fur- 
nishes a  new  and  powerful  means  of  analysis  to  the  designer 
and  builder.  The  form  of  each  line  is  known  by  its  general 
equation,  and  the  experimentally  determined  constant  locates  the 
line.  With  form  and  location  given,  the  numerical  value  of  not 
only  the  co-ordinates  of  the  point  of  maximum  or  minimum 
becomes  known,  but  also  the  relations  of  adjacent  values  and  the 
method  of  variation  with  varying  working  conditions. 

It  is  probable  that  innumerable  applications,  and  many  new 
methods  will  be  discovered  or  devised,  once  such  processes  of 
investigation  and  research  come  into  general  use. 
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DCCLXXIV.* 

MECHAXICAL   FBOPEBTIES   OF  CERTAIX 
A L UMIXI UM  ALLO YS. 

BY  R.   C.  CAKPENTER,   ITHACA,   N.    Y. 

(Meml)er  of  the  Society.) 

The  investigation  of  the  mechanical  properties  of  the  various 
alloys  of  aluminium  and  other  metals  has  been  in  progress  for 
the  past  five  or  six  years  in  the  laboratories  of  Sibley  College, 
Cornell  University.  The  results  have  not  in  many  respects 
proved  as  satisfactory  as  desired,  and  the  writer  feels  that  the 
investigation  has  served  to  bring  out  information  regarding 
methods  and  mixtures  which  should  not  be  employed,  rather 
than  to  give  much  positive  knowledge  of  desirable  alloys.  In 
fact,  the  difficulties  which  have  been  brought  to  light  have  pre- 
vented the  complete  and  full  investigation  which  was  laid  doAvn 
in  the  original  scheme. 

For  these  various  reasons  the  paper  is  to  be  considered  only 
as  presenting  certain  isolated  facts,  rather  than  as  describing  a 
complete  investigation  of  all  the  fields  which  relate  to  the  alloys 
in  question.  Investigations  are  still  m  progress,  and  it  was  not 
intended  to  publish  the  present  paper  until  a  later  meeting,  but 
Captain  Alfred  E.  Hunt  of  Pittsburg,  believing  tliat  the  investi- 
gation had  served  to  point  out  a  few  alloys  of  commercial  value, 
and  also  because  o-.  the  location  of  the  spring  meeting,  desired 
the  presentation  of  such  facts  as  had  been  definitely  deter- 
mined without  waiting  for  the  completion  of  the  entire  investi- 
gation, which  doubtless  will  require  considerable  time.  It  is 
hoped  tliat  data  may  be  forthcoming  from  other  experimenters 
and  practical  engineers  which  will  supplement  or  correct,  or 
supply  omissions  in  that  given  in  the  paper. 

The  general  method  of  investigation  involved  in  every  case, 
first,  the  manufacture  of  the  alloys,  which  was  done  by  adding 
the  various  comjjonent  parts  in  accordance  with  a  predetermined 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American  Society 
of  Mechaniciil  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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sclieme.  Second,  a  mechauical  test  of  tlio  alloys,  Avliich  was 
generally  made  as  extensive  as  the  conditions  would  permit. 
These  tests  generally  involved  the  ordinary  tests  for  strength, 
but  were  in  some  cases  considerably  curtailed  on  account  of  the 
nature  and  amount  of  the  alloy. 

An  investigation  was  made  in  the  case  of  several  of  the  alloys 
to  find  the  relation,  by  chemical  analysis,  between  the  various 
ingredients  in  the  product  and  those  added  in  the  process  of 
manufacture.  The  result  of  that  investigation  indicated  that  if 
the  alloys  were  properly  mixed,  the  proportion  of  the  various 
metals,  especially  the  aluminium,  as  shown  by  the  chemical 
analysis,  should  not  differ  by  more  than  one  per  cent,  from  the 
amount  added  in  manufacture.  The  mixtures  in  which  the 
aluminium  varied  more  than  this  were  rare,  and  generally  due 
to  improper  methods  used  in  manufacture.  The  impurity  of  the 
metals  used  in  the  mixtures  always  caused  a  slight  and  unex- 
pected variation  in  the  results,  since  the  purest  metals  which 
could  be  jjurchased  contained  from  ^  to  1  per  cent,  of  impurities. 
This  fact  renders  the  proportions  of  the  mixtures,  even  in  spite 
of  the  utmost  care,  to  a  certain  extent  approximate.  It  is  be- 
lieved, however,  that  careful  mixing  will  produce  alloys  with 
like  properties  when  metals  of  from  98  to  99  per  cent,  pure  are 
employed.  In  nearly  every  case  the  results  with  the  better 
alloys  have  been  checked  by  making  entirely  separate  mixtures 
of  the  metals  independent  from  tliose  first  made,  and  in  no  case 
have  the  properties  of  the  second  mixture  been  essentially 
different. 

The  aluminium  which  was  employed  for  this  purpose  was 
furnished  by  the  Pittsburg  Reduction  Company,  and  was  of  a 
grade  guaranteed  to  be  over  99  per  cent.  pure.  The  other 
metals  were  obtained  of  various  dealers  in  metals,  using,  how- 
ever, precautions  to  obtain  those  of  the  highest  grade  and  with 
a  known  standard  of  purity. 

Alloys  of  aluminium  and  copper  and  of  aluminium  and  tin 
had  been  investigated  by  other  observers  before  the  commence- 
ment of  the  investigations  recorded  here,  and  mixtures  of  these 
metals  were  tested  only  to  a  limited  extent. 

Aluminium,  Tin,  and  Coppe7'  Alloys. 

The  special  investigation  of  these  alloys  was  conducted  under 
the  writer's  direction  by  two  graduate  students,  Mr.  G.  T.  Geb- 
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hardt  and  O.  P.  Ward,  iu  1896.  In  making  the  investigation  it 
was  determined,  in  order  to  limit  the  number  of  experiments,  to 
take  a  fixed  percentage  of  one  metal,  as,  for  instance,  aluminium, 
and  add  to  this  equal  amounts  of  the  other  two,  which  method 
also  had  the  incidental  advantage  of  permitting  a  graphical  illus- 
tration of  the  behavior  of  the  alloys  without  the  use  of  three 
CO  ordinate  planes. 

Preliminary  test  pieces  for  tension  tests  Avere  first  made  with 
the  Al.,  Sn.,  and  Cu.,  varying  respectively,  by  increments  of  20, 
from  20  to  100;  c.  </.,  20  Ah,  40  Sn.,  and  40  Cu.;  40  Al,  30  Su., 
30  Cu.,  etc. 

Great  care  was  taken  in  making  these  specimens  so  as  to 
eliminate  all  errors  and  to  insure  uniformity  of  conditions.  New 
graphite  crucibles  were  used ;  the  mixture  was  thoroughly  stirred 
before  being  poured,  and  the  molten  metal  was  not  permitted  to 
become  superheated  ;  the  copper  was  invariably  melted  first, 
and  the  Al.  and  Sn.  added  by  degrees.  The  specimens  were  all 
cast  in  green  sand  under  a  6-incli  sprue-head,  and  were  allowed 
to  chill  in  the  mould.  These  preliminary  specimens  were  not 
turned  in  the  lathe,  and  they  were  tested  without  the  use  of 
extensometers.  The  results  of  this  test  are  shown  in  column  A, 
Table  I. 

These  preliminary  test  pieces  were  remelted,  and  carefully 
turned  iu  a  lathe  to  a  uniform  diameter.  They  were  tested  with 
the  use  of  the  extensometers,  and  the  results  are  given  in  column 
B,  Table  I. 

Torsion  pieces  were  then  cast  from  these  broken  test  pieces, 
and,  after  having  been  carefully  machined  to  standard  size,  were 
tested  in  the  Thurston  autographic  machine.  The  result  of  this 
test,  with  that  of  a  few  scattering  alloys,  is  given  in  Table  II. 
The  results  of  this  entire  test  were  plotted  with  ordinates  as 

indicated. 

Specific  Gravity. 

The  specific  gravity  follows  a  definite  law,  varying  with  the 
composition,  and  decreasing  with  the  addition  of  aluminium. 
The  plotted  curves  accompanying  the  report  show  the  variation 
for  various  mixtures. 

Difference  hehveen  Composition  by  Mixture  and  by  Analysis 

{Chemical). 

Several  specimens  were  chosen  at  random  from  the  lot  and 
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aualyzocL  In  each  case  there  was  a  small  variation  from  the 
ori<]jinal  mixture.  Specimens  from  the  second  and  third  re- 
melting  were  also  analyzed,  but  the  variation  was  but  slight. 

Separation  of  the  3Ietals. 

In  several  of  the  bars,  especially  those  high  in  tin,  a  consid- 
erable amount  of  liquation  took  place.  The  amount  of  this 
separation  depended  upon  the  rapidity  with  which  the  specimen 
was  chilled,  e.  (/.,  the  bar  containing  80  per  cent,  of  Sn.  and  10 
per  cent,  each  of  Al.  andCu.,  when  allowed  to  cool  in  tlie  mould, 
showed  this  liquation  in  a  remarkable  manner  ;  the  three  metals 
had  separated  into  three  distinct  layers,  the  heavier  metal  being 
on  the  bottom  ;  however,  when  suddenl}^  chilled  by  being  thrown 
into  cold  water,  no  separation  whatever  took  place,  the  alloy 
being  closely  grained  and  perfectly  homogeneous. 

Strength. 

The  bars  containing  from  85  to  95  per  cent,  copper  have 
considerable  strength,  are  close-grained,  and  of  a  beautiful 
golden  color ;  their  machined  surfaces  do  not  tarnish  on  ex- 
posure to  the  air.  In  the  co^Dper  end  of  the  series,  the  dividing 
line  between  the  strong  and  the  brittle  alloys  is  precisely  that 
at  which  the  color  changes  from  a  golden  yellow  to  a  silver 
white,  viz.,  at  a  composition  containing  between  78  and  80 
per  cent,  copper.*  At  the  elastic  limit,  the  torsional  strength 
is  closely  proportional  to  the  tensile  strength.  Alloys  of 
these  three  metals,  compounded  of  simple  multiples  of  their 
atomic  weights,  are  very  soft  and  spongy,  and  have  very  little 
strength.  Considerable  liquation  takes  place  in  them.  How- 
ever, there  seems  to  be  some  definite  law  by  which  the  strength 
decreases  fi"om  the  maximum  to  a  minimum,  which  has  no  rela- 
tion to  the  atomic  weights,  but  to  the  jDercentage  of  composition 
only.  In  the  aluminium  end  of  the  series  the  strength  rises 
from  that  of  pure  aluminium  to  a  maximum  at  about  90  per 

*  For  a  similar  observation  of  this  relation  of  the  colored  to  the  white  and  gray 
alloys,  in  the  case  of  those  of  Cu.,  Sb. ,  and  Zn. ,  see  "The  Materials  of  En- 
gineering," vol.  iii.  j;§  246-266,  pp.  414:-4ol,  Thurston.  Also  report  by  same 
antlior,  to  U.  S.  Board,  on  "  The  Strongest  of  the  Bronzes  ;  "  Washington,  Gov- 
ernment Press,  1878-81. 
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cent  Al. ;  from  liere  it  gradually  decreases  to  a  miuimum  at  30 
per  cent.  Al.  In  the  tin  end  of  the  series  a  similar  change 
takes  place,  as  can  be  seen  by  referring  to  the  plotted  ciirves  of 
their  strength.  The  alloys  containing  from  78  to  20  per  cent, 
copper  (inclusive)  are  very  hard  and  exceedingly  brittle,  and 
are  practically  worthless  for  purposes  where  strength  is  re- 
quired ;  they  could  not  be  machined,  as  large  chips  would  fly 
ofl'  in  advance  of  the  tool,  and  in  some  instances  the  whole  test 
piece  would  fall  to  pieces  by  the  jar  of  the  lathe.  Specimens 
containing  between  70  and  "40  per  cent,  tin  were  very  soft,  tlie 
tin  in  most  specimens  crystallizing  out  in  large,  coarse  crystals. 
Their  melting  points  are  extremely  low,  and,  as  a  consequence  of  ' 
the  great  length  of  time  that  it  takes  for  them  to  chill  in  the 
mould,  considerable  liquation  takes  place.  The.  bars  contain 
between  60  and  40  per  cent.  AL,  are  very  porous  and  spongy, 
and  are  more  of  a  mechanical  mixture  than  alloy. 

In  the  scattering  alloys,  10  AL,  1  Sn.,  and  89  Cu.  formed  a 
tough,  closely  grained,  highly  colored  alloy  of  considerable 
strength  and  medium  ductility.  12  AL,  2  Sn.,  and  86  Cu.,  and 
13  AL,  2  Sn..  and  85  Cu.  were  very  strong,  coarse  grained,  and 
rather  brittle.  The  curve  is  precisely  the  same  in  nature  as 
that  for  cast  iron,  breaking  without  a  distinct  elastic  limit.  The 
alloys  are  about  as  hard  as  cast  iron,  and  take  a  beautiful  polish, 
which  does  not  tarnish. 

The  following  tables  and  curves  show  in  detail  the  strengths, 
etc.,  of  these  various  alloys. 

The  diagram  (Fig.  137 )  shows  the  strength  of  the  various  alloys 
by  the  ordinates  and  the  composition  of  that  element  of  which 
a  fixed  percentage  was  added  by  the  abscissa,  the  other  two 
being  in  each  case  equal  to  100  per  cent.,  minus  the  percentage 
added.  Thus,  in  the  line  marked  copper,  the  strength  is  shown 
by  the  numerical  values  of  the  ordinates  marked  on  the  scale 
to  the  left,  and  the  percentage  of  copper  by  the  luimbers  de- 
noting the  abscissa;  the  percentage  of  aluminium  or  of  tin 
would  each  be  equal  to  one-half  the  difference  between  lOO 
and  the  percentage  of  copper.  In  the  same  way,  the  curve 
marked  aluminium  shows  by  its  ordinates  the  strength,  and 
by  the  abscissa  the  percentage,  of  aluminium  present,- that 
of  copper  and  tin  being  in  equal  amounts,  and  found  by  svib- 
tracting  the  percentage  of  aluminium  from  100,  and  dividiTip; 
by  2. 
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In  the  curves  of  specific  gravity  i  Fig.  loS)  the  scale  at  the  left 
gives  the  specific  gravity,  the  figures  at  the  bottom  the  compo- 
sition, by  the  same  plan  as  used  in  Fig.  137. 

A  series  of  curves  plotted  with  ordinates  of  three  dimensions 
Tvould  have  shown  somewhat  better  variations  of  the  character, 
of  that,  in  a  metal  made  of  three  ingredients  than  a  curve  of  two 
dimensions  ;  but  on  attempting  to  plot  such  a  curve,  it  was  found 
that  there  were  so  many  combinations  still  unexamined  that  the 
curve  selected  seemed,  on  the  whole,  to  show  the  results  more 
clearly. 

The  important  alloys  in  the  alumiuium-copper-tin  series  are 
given  in  the  following  table,  which  is  taken  from  the  results  of 
the  investigation,  and  is  as  follows  : 

Alloys  of  Maximum  Strkngth. 


Percentage  of 
Alnminiiim. 

Percentage  of 
Copper. 

Till. 

Strength    per 
sq.  in. 

specific 
Gravity. 

Elongation 
per  ct. 

85 
6.25 
5 

7.5 
87.5 
5 

7.5 
6.25 
90 

30,000 
63.000 
11,000 

3.02 
7.35 
6.82 

4.0 

8.8 

10.1 

It  will  be  noted,  from  the  character  of  the  investigation,  that 
all  possible  combinations  of  these  three  metals  are  not  exam- 
ined ;  and  it  is,  of  course,  not  certain  but  that  stronger  metals 
would  be  found  by  combining  all  three  ingredients  in  unequal 
proportions  ;  the  time,  however,  required  for  a  complete  examina- 
tion of  this  kind  has  not  as  yet  been  possible  to  obtain. 


Alloys  of  Aluminiut)i  and  Zinc. 

The  alloys  of  aluminium  and  zinc  were  made  in  essentially  the 
same  manner  as  those  of  aluminium,  tin,  and  zinc,  by  W.  F. 
Hunt  and  W.  J.  Andrews  in  1894.  The  results  of  this  investi- 
gation serve  to  prove  that  aluminium  and  zinc  allo}^  very 
readily,  and  that  proportions  consisting  of  from  60  to  70 
per  cent,  aluminium  make  sound  castings,  having  low  melting 
points  and  a  strength  not  greatly  difierent  from  that  of  brass. 

A  study  of  the  curve  of  strengths  (Fig.  139)  shows  that  the 
alloy  consisting  of  two  parts  of  aluminium  and  one  part  zinc 
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T.ABLE  I. 
Alumi.ml.m  Alloys. — Tlnsim:  Strength. 


Composition  peu  Cent. 
r.v  Weight. 

Ultimate  .Stkengtii 
Lbs.  per  Sij.  In. 

Tensile 

Strength  at 

Elastic 

Limit 

Lbs.  per 

Sy.  In. 

Specipic 

Elonga- 
tion 
PER  Cent. 

INlilNfHES- 

Al.            Tn. 

Cu. 

A. 

B. 

Per  Cent. 

100 
90 
80 
60 
40 
20 

27,000 
40,815 
3.\209 

1,960 
849 

4,81)0 
15,000 
15,476 
18,580 

4,416 
915 

2,221 

3.505 
11,582 

5,999 

1,198 
993 

3,798 

28,330 

42,038 

34,200 

2,225 

1,077 

5,672 

14,316 

17,070 

21,140 

5,950 

1,123 

12,000 
13,832 
24,829 

* 
* 
6,432 

8,227 
13,329 

* 

* 

6.5 

7.6 

6.5 

5.7 

5.05 

4.91 

2.67 

2.83 

3.09 

3.53 

4.4 

5.21 

7.3 

6.77 

6.24 

5.55 

4.96 

4.48 

6.5 

5 
10 
20 

5 

10 
20 
30 
40 

4.0 
0.8 

20 

40 

100 

5.62 

90 
80 
60 
40 

0 

10 
20 
80 
40 
100 
90 
80 
60 
40 
20 

5 
10 

20 
30 
40 

5 

10 
20 
30 
40 

3 

1.2 
.8 

20 

2,622               " 

3,933 
10,418 
5,922 
1,200 
961 
3,997 

35.51 

20 

4,823 
2,988 

* 

10.15 
1.1     - 

30 

40 

A.  Results  of  first  melting. 

Test  pieces  6  in.  between  shoulders,  diani,  i  inch. 

*  Could  not  be  turned  in  the  lathe. 


B.  Results  of  second  meltins 


TABLE   II. 
Alumi:siuji  Allots — Torsiox.\l  Steextgh. 


COMPOSI 

tion  PER  Cent. 

Angle  of 

Sheabin 

s  Stress 

bt: 

Weight. 

Torsion  Dec. 

per  Sy.  In. 

Al. 

Tn.     '      Cu. 

Elastic 

Maxi- 

Elastic 

Maxi- 

Limit. 

mum. 

Limit. 

mum. 

'lOO 

3 

180 

4,300 

25,000 

3.5 

2.5  1  95 

4 

200 

10.710 

33,075 

5.75 

3.75    92.5 

6 

198 

11.827 

85,802 

5      i  90 

7 

175 

15,525 

45,155 

6  25 

6.25   87.5 

4 

37 

30.282 

03,440 

7.5 

7.5  1  85 

3.5 

22 

25.447 

37,062 

8.75 

8.751  82.5 

7 

10 

18,413 

18,413 

10 

10      1  80 

6 

8 

15,230 

15,230 

*11 

11       !  78 

5.8 

5.8 

13,717 

13,717 

*20 

20         60 

1 

1 

2,321 

2.321 

General  Character. 


Very  soft  :  ductile. 
Soft  ;  ductile. 
Slifrhtly  toagb  ;  ductile. 
Tougli ;  medium  ductility. 
Very  tougli  ;  rather  hard. 
Hard  ;  somewhat  brittle. 
Very  hard  ;  brittle. 
"         "     exceedingly  brittle. 


2 
10 
12 
13 
85 
27.1 
100 


10 

88 

?, 

147.5' 

1 

89 

5 

52 

2 

86 

9 

9 

2 

85 

8 

12  : 

7.5 

7.5 

3 

37 

119 

69.6 

2.5 

20 

2 

160 

Scattering. 

14,000   43, 987| Somewhat  soft  ;  ductile. 
21,740   50,000  Tonsrh  ;  medium  ductility. 
32,984    32,984jVery  tough  ;  hard. 
32,723   37,003 


8,703  17.630 
2.800  2.800 
4,005    12,911 


Very  soft ;  .somewhat  ductile. 
"        "       .spongy. 


♦  Could  not  be  machined. 
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is  the  strongest  iu  the  series.  The  excellent  property  of  this 
alloy  for  practical  purposes  was  first  noted  by  Professor  W. 
Durand,  in  1896,  •who,  desiring  a  metal  which  would  make  very 
sound  and  strong  castings  for  model  work,  made  experiments 
with  the  best  metal  of  the  aluminium-zinc  compounds,  as  shown 
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by  the  experiments.  This  metal  has  proved  so  satisfactory  for 
such  purposes  that  for  the  past  two  years  it  has  been  used 
extensively  as  a  substitute  for  brass  castings  in  almost  all  the 
work  in  the  laboratories  of  Sibley  College.  Professor  Durand 
has  proposed  for  this  alloy  the  name  of  "  Alzinc,"  which  seems 
to  the  writer  very  appropriate,  since  it  indicates  the  principal 
ingredients. 

The  practical  use  of  this  metal  has  proved  that  it  is  suscepti- 
ble of  a  high  polish,"  that  it  does  not  tarnish  in  the  air,  that  it 
is  readily  worked  with  lathe  or  planer  tools.     In  working  it,  the 

*  See  letuark  in  discussion  of  this  paper. 
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tools  sliould  bo  rather  sharp,  and  groimcl  about  the  same  as 
for  cuttiug  steel.  The  chips  hold  together  with  considerable 
tenacity,  so  that  it  is  possible  to  remove  chips  of  great 
length.  The  tensile  strength  of  this  material  is  24,000  to 
20,000  230unds  per  square  inch,  or  fully  equal  to  the  best  cast 
iron.  It  is  a  very  rigid  material,  and  possesses,  like  most  all  the 
aluminium  alloys,  very  little  ductility.  In  the  opinion  of  the 
writer  it  will  serve  as  a  substitute  for  cast  brass  in  nearly  every 
position  where  cast  brass  is  serviceable ;  it  will  not,  however, 
serve  as  a  substitute  for  the  soft  or  leaded  brasses,  since  it  pos- 
sesses little  ductility.  It  seems  especially  well  fitted  for  valve 
bodies  and  other  similar  uses,  and  for  such  purpose  it  is 
believed  that  it  can  be  manufactured  cheaper  than  brass,  as 
because  of  its  superior  lightness,  even  with  present  prices  in 
metals,  its  cost  is  not  essentially  different  from  that  of  brass  at 
twelve  cents  per  pound.  Recent  investigations  indicate  that 
this  alloy  becomes  quite  ductile  at  a  temperature  of  400  degrees 
Fahr.,  and  at  that  temperature  may  be  rolled  or  drawn. 

Tests  of  Alumixium-Zixc. 


Percextage 


Alumin- 
inm. 


100 
100 
90 
90 
85 
85 
80 
80 
75 
75 
70 
70 
663 
65 
60 
60 
50 
50 
25 
25 
0 


Transverse 
rp       ■]  Strength.   ■ 

Specific    Suenkh.      ^^^#1^"°^  , 

Gravity.  Pounds  per      ^^^^H      , 

Zinc.  ^1-  ^''''^-    Pounds  per 

Sq.  Inch. 


Modulus 

of 
Elasticity. 


Remarks 


0 

0 
10 
10 
15 
15 
20 
20 
25 
25 
30 
30 
33^ 
35 
40 
40 
50 
50 
75 
75 
100 


3.67 

2.67 

2.77 

2.74 

2.918 

2.918 

2.998 

2.975 

3.15 

3.14 

3.191 

3.24 


14,500 
14,150 
18,950 


28,090 


18,100 
21,850 

34,600 
22,940 

45,080 
24,400  I  43,200 
23,950    I    41,200 


6,535,000  Uneven  shrinkage. 

7,'71'oVoOO  I 

9V260,0bb 

9,110,000 

"8,'210',000  ■         "  '' 

8,178,000  Shrinkage  even 


Shrinkage  uneven. 


3.326 
3.471 
3.57 


7.19 


Poor  specimen. 


19,770  40,350  8.540,000 

19,.S00  i    38,100    

19,060  39.80O  8,500,000  ' 

13,175  25,500    , 

14.150  ; 8,670,000 

2,522  '      7,556  6,680,000  Elongation  of  all  the  speci- 

j  I                          mens  less  than  1  per  cent. 
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Alloy, ^  of  Aluminium  and  Cast  Iron. 

Practical  tests  of  alloys  of  aluminium  and  cast  iron  were  made 
"by  W.  J.  Keep  of  Detroit,  and  reported  in  the  Trausaviions  of  the 
American  ^Society  of  Alining  Engineers,  vol.  xviii.  The  results  of 
Mr.  Keep's  investigations  indicate  that  the  addition  of  aluminium 
had  little  or  no  beneficial  effect  on  tlie  iron,  exce])t  possibly  in 
some  conditions  to  make  it  flow  freer  in  the  moulds. 

The  investigation  recorded  here  was  made  by  Mr.  E.  M. 
Doyle,  a  graduate  student.  It  was  found  as  a  result  of  this 
investigation  that  aluminium  would  alloy  readily  with  cast  iron 
Tip  to  an  amount  of  l-i  to  15  per  cent,  by  weight,  and  produce 
alloys  having  considerable  strength  ;  but  for  mixtures  with 
greater  percentage  of  aluminium  the  alloys  were  granular,  and 
possessed  practically  no  coherence. 

The  general  results  indicated  a  falling  off  in  tensile  and 
transverse  strength,  and  also  in  power  to  resist  impact  in  pro- 
portion as  the  percentage  of  aluminium  was  increased  ;  or,  in 
other  words,  the  effect  of  the  aluminium  was  to  weaken  the 
cast  iron,  and  also  to  make  it  brittle. 

The  results  of  the  various  tests  are  best  shown  by  the  accom- 
panying curves,  which  in  each  case  give  the  percentage  of 
aluminium  added  to  the  iron  as  abscissa,  and  the  results  of  the 
various  tests  as  ordiuates.  It  will  be  noticed  that  considerable 
variation  was  found  in  individual  specimens,  which  was  due,  to 
a  great  extent,  to  imperfect  castings  and  mechanical  difficulties 
connected  with  the  production  of  the  alloys.  The  line  drawn 
through  the  diagrams  indicates  as  well  as  can  be  predicted  the 
average  strength  due  to  the  various  mixtures  in  Figs  140,  Ittl, 
and  142. 

Magnetic  Properties  of  Aluminium- Iron  Alloy. 

Some  tests  were  made  in  1891  by  C.  Eickemeyer,  and  recorded 
in  the  Sibley  Journal  for  that  3'ear,  for  determining  the  magnetic 
properties  of  alloys  of  aluminium  and  cast  iron.  The  alloys 
tested  contained  respectively  i  and  j  per  cent. 

The  determination  showed  no  marked  difference  in  the  con- 
ductive power  of  aluminium  iron  and  ordinary  cast  iron,  but 
there  was  a  small  difference  in  favor  of  the  iron  with  the  smallest 
portion  of  aluminium,  thus  leading  to  the  general  conclusion 
that  the  addition  of  aluminium  to  cast  iron  does  not  improve 
its  conductive  powers. 


502      MECHANICAL  J'KOl'EirriES  OF  CERTAIN  ALUMINIUM  ALLOYS. 


21,(XX) 


20,000 


10,000 


5   18,000 


16,000 

15,000 

14,000 

13,000 

12,000 

11,000 

10,000^  ^ 

Caqienter 


:     1     :     1     1     1     1     :     1     1     1    .1     1     1     1     1     i     1     1     1     1     1     1     1     1     1     1 

1 

c 

0 

, 



— ^ 

r 

0 

— 

■~^ 

0 

0 

c 

~— 

-- 

— 

' 

0 

^ 

■^ 

c 

"N 

N 

\ 

\ 

\ 

° 

S 

V 

\ 

N 

^ 

\ 

! 

\ 

ALLOYS    OF   ALUMINIUM    AND 
CAST     IRON. 

Curve  of  Tension  Tests. 

V 

1 

1 

5  6  7  8  9  10 

Percentage  of  Alumiuiuni 

Fig.  140. 


11         13         13         14 


90 

r— 

1 — 

' 

~^ 

80 

70 

;, 

' 

60 

' 

° 

r— 

^ 

^ 

_^ 

— CT 

, 

_^_ 

50 

° 

— 

— 

— 

o 

c 

c 

'' 

"^ 

rv 

40 

° 

\ 

\ 

30 

— 

ALLOYS    OF   ALUMINIUM    AND 
CAST     IRON. 

Resistance  to  Impact. 
Bars  ^i  Inch  by  ^  Inch  and  12 "long 

\ 

\ 

•"O 

1 

1 

0 

_ 

i 

Carpenter 


5  C  7  S  9 

Percentage  of  Aluminium 

Fig.  141. 


10         a         12         13        u 


MECUANICAL  PROPEKTIES  OP'  CERTAIN  ALUMINIUM  ALLOYS.      563 

Alloys  of  Aluminium  and  3Iagnesium. 

Tests  were  made  in  1893  of  a  number  of  alnminium-magnesmm 
alloys  by  L.  S.  Marks  and  S.  A.  Barraclough,  graduate  students. 
It  was  thought  that  a  valuable  alloy  might  be  found  from  the 
general  similarity  and  properties  of  the  two  metals. 
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Magnesium  is  a  silver-white  metal  of  specific  gravity  of  1.74 
and  melting  point  of  446  degrees  Fahr.  The  metal  used  was 
obtained  in  the  form  of  rolled  or  drawn  rods  about  .43  inches  in 
diameter.  Owing  to  the  low  temperature  at  which  magneisium 
burns,  it  was  not  deemed  advisable  to  attempt  to  cast  it  to 
standard  test  piece  form,  and  so  the  rods  were  tested  in  tension 
just  as  they  were  supplied.     Their  length  was  about  8  inches, 
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and  tlio  extension  was  measured  over  a  length  of  4  inches.  The 
material  gave  a  fine  cup  fracture.  It  is  very  tough  and  bends 
with  ease,  emitting  a  cry  like  that  of  tin.  It  is  easily  tooled 
both  with  the  tile  and  in  the  lathe. 

The   following  table  gives  the  results  of  the  tension  tests  for 
pure  magnesium  :* 


Number  of 
Test  Piece 

Diameter 

Breaking 
Load  Lbs. 

Breaking  Load 
Lbs.  per  sq.  in. 

Elastic  Limit      Extension      Modnlns  of 
Lbs.  per  sq.  in.     per  cent.         Elasticity 

1 

2 

S...... .  .  . 

.433 
.433 
.442 
.435 
.424 
.432 

3,500 
3,250 
3,200 
2.900 
3,500 
3,300 

23,800 
22,050 
20.900 
19.500 
24.800 
22,500 

8,800 

10,780 
8.400 
7,090 

4.2 

i.8 

2.5 
3.1 
2.3 

2,040,000 
1,860.000 
2,060,000 

4 

5 

1,830,000 
1,930,000 

6     . 

From  the  above  table  it  will  be  seen  that : 

The  average  breaking  strength  is. 22,250  lbs.  per  sq.  in. 

The  average  elastic  limit  is 8,870 

The  average  elongation  is 2.8  per  cent. 

The  average  modulus  of  elasticity  is 1,945,0C0 

It  is  noticeable  that  though  the  density  of  the  metal  is  only 
two-thirds  that  of  aluminium  it  has  one  half  more  tensile 
strength. 

A  satisfactory  series  of  alloys  with  different  proj^ortions  of 
aluminium  was  obtained  and  tested.  The  results  are  given  in 
the  accompanying  table,  and  are  also  plotted  out  graphically 
in  Fig.  143. 

Allot  op  Aluminivm  and  Magnesium. 


Number 
of  Test 
Piece. 

Percentage 

of 
Magnesium. 

Specific  Gravity. 

jBreaking  Strength 
lbs.  per  sq.  in. 

Elastic  Limit 
lbs.  per  sq.  in. 

Modulus 

of 
Elasticit}'. 

1 
2 

3 
4 
5 

0 
2 
5 

10 
30 

2.67 
2.62 
2.59 
2.55 

2.29 

13.685 
15,440 
17,850 
19,680 
5.000 

4,900 

8.700 

13,090 

14,600 

1,690,000 
2,650,000 
2.917,000 
2,650,000 

*  For  earlier  work  on  properties  of  magnesium  and  its  alloys,  see  "  Materials 
of  Aeronautic  Engineering."  transactions  Aeronautic  Congress,  Chicago,  1893; 
also  Sibley  Journal,  April  1894. 

"  Magnesium  as  a  Constructive  Material,"  London  Machinery ,  May,  1896; 
"  Industries  and  Iron,"  May  22,  1896.  Also  Thurston's  "Materials  of  Engineer- 
ing," vol.  iii.,  pp.  94—561. 
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The  addition  of  magnesium  to  aluminium  in  increasing  pro- 
portions was  found  to  make  tlie  alloy  more  brittle  ;  Avith  30  per 
cent,  of  magnesium  it  was  so  brittle  as  not  to  show  any  elastic 
limit. 

The  attempt  to  form  alloys  with  copper,  brass,  or  bronze  con- 
taining more  than  one  per  cent,  of  magnesium  were  not  success- 
ful.    Several  test  pieces  containing  one  per  cent,  or  less  were 

3,000,000   >j 
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Percentage  of  Magnesium 

Fig.  143. 
cast,  but  in  every  case  the  presence  of  cavities  prevented  the 
exact  determination  of  their  strength. 

No  alloys  could  be  formed  with  iron,  the  magnesium  always 
appearing  in  the  form  of  globules  in  the  interior  of  the  metal. 

It  will  be  noted,  from  the  study  of  results  given,  that  the 
addition  of  small  amounts  of  magnesium  improved  the  tensile 
strength  of  aluminium  and  also  decreased  the  specific  gravity. 
The  magnesium,  on  account  of  its  tendency  to  burn,  is  a  difficult 
metal  to  alloy  with  the  aluminium,  and  for  that  reason,  although 
this  alloy  presents  superior  qualities  to  that  of  pure  aluminium, 
as  well  as  on  account  of  its  high  cost,  it  probably  would  not  now 
enter  into  any  commercial  use.  It  was  found  almost  impos- 
sible to  make  alloys  which  contained  small  percentages  of 
aluminium.     None  were  tested. 

Aluminiuvn,  Tin,  and  Special  Alloys  of  Aluminium. 
An  investigation  of  the  strength  of  aluminium,  tin,  and  certain 
special  alloys  of  aluminium  were  made  by  S.  R.  Leonard  and 
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J.  H.  Sclmopel  in  1895,  the  results  being  given  in  the  accom- 
panying table.  This  investigation  gives  the  strength  and  other 
properties  of  pure  aluminium,  in  either  cast  or  rolled  specimens, 
and  of  various  alloys  with  tin,  copper,  and  other  metals.  The 
scale  of  hardness  employed  is  the  same  as  that  at  the  Water- 
town  Arsenal  and  is  proportional  to  the  cube  of  the  indentation  of 
a  certain  pyramidal  punch  under  a  standard  load  of  4,400  pounds. 

The  strength  of  the  aluminium  tin  alloys  with  from  2  to  10 
per  cent,  tin  show  a  slight  maximum  at  .about  6  per  cent,  of 
tin  ;  they  are,  as  a  rule,  however,  weaker  than  pure  aluminium 
and  of  little  practical  value. 

The  copper  aluminium  alloys,  on  the  other  hand,  show  a 
decided  increase  in  strength,  as  compared  with  pure  aluminium, 
due  to  the  addition  of  small  percentages  of  copper.  Thus,  in 
the  cast  specimens,  pure  aluminium  has  a  strength  of  slightly 
over  12,000  pounds,  while  an  alloy  containing  7  per  cent,  copper 
has  a  strength  of  more  than  50  per  cent,  greater.  The  rolled 
specimens  show  proportionately  as  great  an  increase. 

The  alloy  marked  SCA,  which  contains  75.7  per  cent,  of 
aluminium,  3  per  cent,  of  copper,  20  per  cent,  of  zinc,  and  1.3 
of  manganese,  is  an  excellent  casting  metal,  having  a  strength  of 
of  over  35,000  pounds  per  square  inch,  and  a  specific  gravity 
slightly  above  3.     It  has,  however,  very  little  ductility. 

An  alloy  containing  96.5  per  cent,  aluminium,  2  per  cent, 
copper,  and  1.5  per  cent,  of  chrominium  is  very  little  heavier 
than  the  pure  aluminium,  and  has  a  strength  of  26,310  pounds 
per  square  inch. 

The  tensile  strength  of  commercially  pure  aluminium,  which 
is  understood  to  be  over  99  per  cent,  pure,  has  been  found  to 
vary  in  different  samples  obtained  from  the  manufacturers  from 
about  12,000  to  15,000  pounds  per  square  inch.  This  difference 
is  thought  to  be  due  to  mechanical  structure  by  the  manu- 
facturers, and  it  has  been  noted  that  in  the  last  two  years  the 
strength  of  the  samples  has  run  quite  uuiformly  near  15,000 
pounds  per  square  inch. 

The  general  investigation  of  the  subject  indicates  that  all  the 
alloys  of  aluminium,  at  ordinary  temperatures,  possess  little 
elongation  whenever  the  aluminium  is  in  excess  of  the  other 
ingredients,  but  that  many  of  these  alloys  possess  great  strength, 
low  specific  gravity,  and  are  admirably  adapted  for  use  in 
making  castings. 
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The  following  tables  give  the  strength  and  other  properties 
of  various  aluminium  alloys,  as  referred  to  above. 


Character 

3P  Alloys. 

Strength  Pounds  per  Sq 

Inch. 

Mark. 

Composition  and  Remarks. 

Tension. 

Transverse. 

Al. 

Cu. 

p.c. 

'7 
3 

'2 
2 
4 
4 
2 

Tin. 
p.c. 

Elastic. 

Max'm. 

Elastic. 

Max'm. 

p 

per  c't. 
100 

93 

75.7 

4,000 
6,250 

12,055 
18,555 
35,075 

2,345 
9,000 

S        XQ 

25,250 

"-'       .«    P     A 

2 

4 

6 

8 

10 

20^' Zinc,  1.8^  Man. 

1    inch  bars  

a.         •' 

33,420 

.  -  . 

Pi 

P. 
XB 
XB' 
XD 
XD' 
TAXB 

100 
100 

98 

98 

96 

96 

96.5 

12,500 

17,185 

17,154 

18,870 
13,720 
18,870 
22,300 
30,880 
26,313 

-i 

1           "        

3         " 

9,000 

18,647 

S 

1           "        

3 

16,000 

23,045 

1\%  C'lirominium. 

19,000 

2,150 
2,400 
2,250 
2,01  !0 
1,750 

36,310 

A 

98 
96 
94 
92 
90 

8,622 
9,565 
9,315 
7.270 
7,352 

1'       B 

l5'      C 



^cl       E 

t^       D 



Modulus  op  Elasticity. 
Lbs.  Per  Square  Inch. 

Resilience. 
Inch— Lbs. 

Elongation 

Per  Cent. 

(Tension  Pieces). 

Reduction  of 

Areti  Per  Cent. 

(Tension  Pieces). 

V.'S 
Kg. 

Specific 

Gravity  op 

Specimen. 

Mark. 

Tension. 

Transverse. 

Tension 
(Modulus) 

Trans- 
verse 
(Actual). 

Ten- 
sion. 

Trans- 
verse. 

P 

xa 

S.  C.  A. 

8.:!85,000 

11.115,000 

9,685,000 

8.440.000 
8,065,000 
8,060.000 

3.06 

2.80 

85.75 

.51 
7.9 

57.7 

5.62 

1.00 

.15 

10.93 
3.08 
1.77 

3.61 
12.87 
35.56 

2.670 

3.830 
3.117 

2.054 
2.810 
3.055 

Pi 

Po 

9,780,000 


'  9, 505,  boo 

lO.llO.OOOj     7.4 
10  000  000      ---     . 

34.8 
29.6 
17.0 
30.4 
41.0 
79.5 
56.0 

8.49 

38.30 

7.12 
6.94 
0.79 
12.30 
12.42 
13.35 
14.09 

2.710 
2  715 

•     XB 

XB' 

10' 330,000 

9.600,000 

10.595,000 

10.070,000 

9,813.000 

4.75 
15.' 6" 
' 23 .6  ' 

19.49 

39.62 

2.7J5 
2.756 

XD 
XD' 

10,440,000 

3.62 

10.10 

2.774 
2 .  773 

TAXB. 

9,850,000 

1.31 

9.78 

2.759 

A 

5,435,000 
6.210,000 
5,035.000 
5,175,000 
6.675.000 

4.00 

5  38 

8.64 
6  86 
7.97 
5.41 
'  8.89 

3.71 
3.74 
3.49 
3.33 
3.09 

2.689 

B 

2  739 

C 
D 

1 

5.19 
3.06 

3.87 

2.771 

2.804 

E 

3.856 

DISCUSSION. 


Mr.  Henry  Souther. — Professor  Carpenter  has  made   a  state- 
ment in  regard  to  one  of  the  copper  alloj^s,  and  also  in  regard 
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to  this  alzinc,  which,  if  taken  just  as  made,  seems  to  me  of  great 
value ;  that  is,  "  that  they  will  not  tarnish  on  exposure  to  air." 
I  have  been  searching  for  alloys  which  do  not  tarnish,  and  have 
found  that  copper  and  nickel,  copper,  aluminium,  and  nickel 
itself,  and  aluminium  itself,  all  tarnish.  To  be  sure  they  do  not 
rust  and  go  to  pieces,  but  they  do  tarnish  so  much  that  it  is 
necessary  to  clean  them.  I  would  like  to  ask  Professor  Car- 
penter if  these  alloys  are  not  subject  to  the  same  slow  change 
of  color. 

Professor  Carjyenfer. — I  am  very  glad  indeed  to  have  my  atten- 
tion called  to  that  statement.  The  metal  tarnishes  just  about 
the  same  as  tin  or  aluminium  does ;  that  is,  it  loses  its  lustre 
after  a  time  and  then  seems  to  remain  in  a  permanent  condi- 
tion. 

3Ir.  II.  II.  Siiplee. — In  regard  to  this  matter  of  tarnishing, 
about  which  Mr.  Souther  has  spoken,  there  have  been  lately  in 
France  a  number  of  experiments  made  with  an  alloy  of  nickel 
and  steel  of  much  higher  proportion  of  nickel  than  ordinarily 
made,  which  shows  a  very  low  degree  of  change  of  length  for 
change  of  temperature,  and  it  is  claimed  to  retain  a  polish  for 
a  very  long  time.  You  probably  know  of  Guillaume's  experi- 
ments. The  alloy  is  about  36  per  cent,  of  nickel  and  the  balance 
of  steel,  and  it  has  so  very  low  an  expansion  coefficient  that  it 
has  been  suggested  to  use  it  for  measures  of  length.  It  will 
scarcely  vary  at  all  under  the  ordinary  atmospheric  changes. 
The  tests  of  temperature  were  made  by  immersing  the  bar  in 
water  and  then  changing  the  temperature  of  the  water,  and 
after  that  the  polished  bar  was  taken  out  and  simply  allowed 
to  lie  without  being  turned  up,  and  did  not  lose  its  polish  in 
three  or  four  months. 

Professor  Carpenter. — I  should  say  that  this  metal  will  hold 
its  polish  three  or  four  months  very  nicely,  but  after  that  it 
begins  to  get  dull. 

Mr.  Charles  W.  Baker. — We  already  know  that  what  is  known 
as  aluminium  bronze,  with  about  90  per  cent,  copper  and  10  per 
cent,  aluminium,  is  an  alloy  of  excellent  qualities,  although  it  is 
rather  difficult  to  work.  I  would  like  to  ask  Professor  Carpen- 
ter if  he  found  anything  in  his  researches  which  has  led  him 
to  think  that  the  addition  of  tin  to  this  alloy  (which  is  practi- 
cally what  his  best  compound  of  aluminium,  copper,  and  tin 
involves)  improved  the  metal  in  any  way.     I  would  also  inquire 
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whether  the  best  alloy  of  aluminium  and  zinc,  which  he  de- 
scribes, could  be  worked  when  heated,  so  that  it  could  be  rolled 
into  plates,  rods,  etc.,  or  stamped  and  drawn  like  brass. 

Professor  Carpenter. — In  relation  to  the  working  of  alzinc  we 
have  found  out  from  recent  experiments  that  if  it  is  heated  to 
about  400  degrees  it  becomes  quite  ductile  and  works  quite 
readily  under  the  hammer,  and  I  think  will  prove  to  be  in  con- 
dition to  be  rolled.  Experiments  are  in  j^rogress  for  rolling  at 
that  temperature.  If  it  is  heated  higher  than  that  it  becomes 
brittle  ;  it  does  not  seem  to  reach  the  ductile  point  until  it  gets 
to  about  that  temperature. 

I  would  sav  that  tbe  addition  of  tin  to  the  copper-aluminium 
alloys  does  not  seem  to  have  given  especially  good  results  as 
a  general  thing.  Aluminium  and  tin  do  not  seem  to  alloy  well 
together,  nor  is  the  alloy  of  any  j)articular  value  ;  and  the  addi- 
tion of  tin  to  the  aluminium- copper  alloy  is  only  of  advantage 
in  increasing  ductility.  The  aluminium-copper  alloy,  which  is 
about  85  per  cent,  copper  and  15  per  cent,  aluminium,  is  fully 
as  strong,  and  my  recollection  is  that  it  was  two  or  three  thou- 
sand pounds  stronger  per  square  inch  for  tensile  strength  than 
the  aluminium-tin  copper  alloy.  But  the  latter  was  a  little  more 
ductile,  and  we  thought,  on  the  whole,  possibly  a  little  better 
for  many  uses,  since  it  can  be  more  readily  worked. 

Mr.  Thos.  R.  Almond. — I  would  like  to  ask  Professor  Car- 
penter if  he  can  tell  us  anything  about  the  porous  condition  of 
the  surface  in  the  specimen  of  alzinc  seven  inches  in  diameter. 
I  notice  there  is  a  porous  condition  reaching,  perhaps,  an  eighth 
of  an  inch  below  the  surface.  This  may  possibly  be  due  to 
gases  which  came  in  contact  with  the  surface  of  the  metal.  Is 
there  any  way  which  you  have  tried  to  avoid  this  ?  The  surface 
is  what  is  most  needed  to  be  solid  in  finished  work. 

Professor  Carpenter. — The  specimen  which  was  handed  around, 
and  to  which  Mr.  Almond  refers,  was  cast  simpl}^  in  a  sand 
mold — poured  right  into  the  sand ;  and  I  think  possibly  that  the 
porosity  near  the  outer  edge  is  due  to  cooling  strains.  We  have 
had  less  difficulty  with  this  metal  than  with  brass  in  making 
sound  castings  and  in  having  them  free  from  pores.  We  have 
used  it  extensively  when  pores  would  be  found  if  present. 

Mr.  Almond. — Has  it  been  cast  with  a  very  high  riser,  so  as 
to  give  pressure  ? 

Professor  Carpenter. — We  have  ha  1  a  plate  half  an  inch  thick 
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under  5,0(i0  pounds  liquid  pressure  per  square  incli,  without  tlie 
least  indication  of  porousness  ;  tliat  is  the  hif^hest  pressure  we 
have  had  on  any  castings.  In  that  case  there  was  about  2, 
inches  of  surface  exposed  to  the  pressure,  but  the  extreme  edge 
of  that  casting  was  not  exposed.  No  porousness  whatever  was 
found.  You  must  understand,  of  course,  that  I  am  talking  about 
castings  made  in  a  college  workshop,  which  has  no  skilled  men, 
the  casting  being  done  l)y  students  who  have  had  all  their  train- 
ing in  our  foundry.  Consequently  the  results  that  we  get  are 
not  as  good,  I  think,  as  should  be  obtained  in  other  foundries. 
We  have  made  no  castings  with  sprues  larger  than  0  or  S  inches. 

J/r.  Almond. — We  usuall}^  find  the  porous  condition  nearer  to 
the  centre.  The  solid  part  of  the  casting  is  more  likely  to  be 
at  the  surface,  owing  to  shrinkage  in  cooling.  In  the  metal 
shown  the  j)orosity  would  seem  to  be  due  to  the  absorption  of 
gases  which  come  from  the  sand. 

Professor  Carpenter/" — I  should  have  to  answer  the  question 
simply  in  the  light  of  our  experience,  and  that  is  that  we  can 
make  sounder  castings  with  this  metal  than  we  can  with  brass. 

The  specimen  to  which  Mr.  x4.1mond  refers  is  a  section  of  a 
pig  of  this  metal  cast  in  sand,  without  any  sprue  head,  and  is 
about  4  inches  in  diameter.  I  attributed  the  small  checks  near 
the  outer  edge  to  the  fact  that  the  outside  cooled  much  sooner 
than  tke  centre,  and  that  finally  the  shrinkage  of  the  centre 
mass  caused  the  outside  to  check  somewhat.  It  is  quite  cer- 
tain that  there  is  no  especial  difficulty  in  getting  sound  castings, 
even  when  they  are  very  thin,  Avith  this  metal. 

Since  writing  the  article,  a  method  of  rolling  and  drawing 
this  metal  has  been  perfected,  there  being  no  especial  difficulty 
at  a  temperature  of  about  400  degrees  F. 

My  attention  has  recently  been  called  to  the  fact  that  many 
foundrymen  have  very  little  skill  in  mixing  metals,  by  several 
failures  which  have  been  made  in  attempting  to  make  the  simple 
aluminium-zinc  alloy,  as  described.  For  that  reason  I  should 
advise  those  who  desire  to  use  it,  to  correspond  with  the  Pitts- 
burg Eeductiou  Co.,  at  Pittsburg,  Pa.,  from  whom  I  believe  it 
can  be  obtained  at  cost  prices. 

*  Author's  Closure,  under  the  Rules. 
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DCCLXXV.* 

WHA'T  IS  THE  HEATING  SURFACE  OF  A  STEAM 
BOILER  ? 

BY    CUAULKS    WHITING     BAKEK,    NEW    YOItK   CITY. 

(Member  of  the  Society.) 

It  is  a  fact  which  is  now  generally  understood  by  engineers  and 
all  who  have  to  do  with  steam  power  plants,  that  the  power  of 
any  boiler,  or  more  accurately  the  amount  of  steam  which  it  can 
furnish  in  a  given  time,  depends  first  of  all  upon  its  area  of  heat- 
ing surface.  Of  course  tlie  amount  of  steam  which  a  square  foot 
of  heating  surface  will  produce'  varies  between  very  wide  limits, 
and  is  affected  by  a  multitude  of  conditions.  It  is  also  true  that 
heating  surface  is  no  more  essential  than  the  means  for  supplying 
the  heat — that  is  to  say,  a  furnace  of  sufl&cient  size  and  grate 
surface  to  burn  the  fuel,  and  draft  sufficient  to  supply  the  furnace 
with  the  necessary  air.  The  furnace  and  the  chimney,  however, 
are  not  necessarily  parts  of  the  boiler  at  all ;  their  function  is 
merely  to  supply  the  heat,  and  the  function  of  the  boiler  proper 
is  to  transfer  as  much  as  possible  of  this  heat  to  the  water  which 
it  contains.  Both  the  amount  of  heat  which  it  can  transfer  in  a 
given  time  and  the  proportion  of  the  total  heat  generated 
which  can  be  transferred  vary  with  the  area  of  the  heating  sur- 
face exposed.  In  other  words,  both  the  capacity  and  the  econ- 
omy of  a  steam  boiler  depend  directly  upon  its  area  of  heating 
surface. 

Evidently,  then,  the  area  of  the  heating  surface  of  a  boiler 
ought  to  be  determined  with  a  fair  degree  of  accuracy.  The 
designer  of  the  boiler  must  know  it,  if,  with  any  degree  of  preci- 
sion, he  is  to  adapt  the  boiler  to  the  work  which  it  has  to  do.  The 
seller  of  boilers  must  know  it,  if  he  is  to  be  sure  of  fulfilling  his 
guarantees  of  capacity  or  economy  ;  and  the  purchaser  of  boilers 
should  know  it,  in  order  to  determine  what  he  is  getting  for  his 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volua>e  XIX.  of  the 
Transactions. 
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monev.  As  a  matter  of  fact,  a  very  large  proportion  of  the  boilers 
bought  aud  sold  are  actually  bought  and  sold  by  their  heating 
surface.  The  prices  asked  for  and  quoted  may  be  the  price  per 
horse-power,  but  the  horse-power  is  determined  dii-ectly  from 
the  heating  surface,  the  number  of  square  feet  allowed  to  a  horse- 
power varying  from  5  to  1-4,  according  to  the  type  of  the  boiler. 
Again,  in  comparing  the  woik  done  by  different  boilers,  the  rela- 
tive heating  surface  is  always  taken  into  consideration. 

"We  need  go  no  further  for  proof  that  accurate  determination 
of  boiler  heating  surface  is  a  desirable  thing.  But  we  ha,^^e  noj,\' 
to  notice  the  remarkable  fact  that  in  computing  boiler  "bleating 
surface,  an  error  of  from  7  to  17  per  cent,  is  made  by  a  large  pro- 
portion of  steam  engineers  and  boiler  manufacturers.  The  error 
to  which  I  refer  consists  in  taking  the  surface  in  contact  with 
the  water,  instead  of  that  exposed  to  the  fire  or  hot  gases,  as  the 
heating  surface.  If  the  heating  surface  is  flat,  of  course  the  areas 
are  the  same ;  but  boiler  heating  surface  is  in  most  cases  made  up 
of  tubes,  and  the  difference  between  the  interior  and  exterior 
surface  of  a  boiler  tube  is  as  much  as  17  per  cent,  of  the  interior 
surface  in  the  case  of  a  1-iuch  tube  aud  is  about  7  per  cent,  in  a 
4-inch  tube. 

The  error  arises  in  the  first  place  from  a  failure  to  appreciate 
the  fact  that  the  heating  surface  exposed  to  the  fire  is  the  actual  heating 
surface  of  the  hoiler,  on  lohich  its  capacity  depends.  A  clear  under- 
standing of  this  fact  is  so  important,  aud  it  has  been  and  is  so 
generally  mistaken  by  engineers  and  writers  of  engineering  works, 
tliat  the  writer  ventures  to  submit  a  discussion  of  the  elementary 
principles  on  which  this  assertion  is  based. 

In  Fig.  141.  suppose  we  have  an  iron  plate  1  inch  thick,  on  one 
side  of  which  is  flowing  a  current  of  hot  gas  at  a  temperature  of, 
let  us  say,  1,000  degrees,  and  on  the  other  side  is  a  body  of  water 
in  a  steam  boiler  at  a  temperature  of  300  degrees  (corresponding 
to  a  gauge  pressure  of  steam  of  about  52  pounds). 

Now  the  heat  in  passing  from  the  hot  gas  on  the  side  of  the 
plate  to  the  water  on  the  other  meets  with  three  different  resist- 
ances as  follows  : 

(Ij  Resistance  in  passing  from  the  gas  to  the  surface  of  the 
plate. 

(2)  Resistance  due  to  the  passage  through  the  plate. 

(3)  Resistance  due  to  the  passage  from  the  other  surface  of  the 
plate  to  the  water. 
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That  one  of  these  resistances  which  is  accurately  known  is  (2), 
the  resistance  in  the  passage  through  the  pUite.  The  heat  con- 
ductivit}'  of  metals  has  been  carefully  determined  by  experiment 
in  physical  laboratories,  so  that  if  we  know  the  actual  temperatures 
of  the  two  surfaces  of  a  plate  and  its  thickness,  we  can  at  once 
determine  how  much  heat  is  passing  through  a  unit  area  in  a 
given  time.  On  the  other  hand,  if  we  know  how  much  heat  is 
passing  through  the  plate,  we  can  determine  what  is  the  difference 
of  temperature  of  its  two  surfaces.  Let  us  solve  an  example  of 
the  latter  sort  :  Suppose  the  plate  is  transmitting  heat  enough  to 
evaporate  3  pounds  of  water  per  hour  from  and  at  212  degrees 
per  square  foot  of  its  area,  or  about  the  average  rate  that  the 
heating  surface  transmits  heat  in  an  ordinary  stationary  boiler. 
Since  905.7  heat  units  are  required  to  transform  a  pound  of  water 
at  212  degrees  into  steam  at  the  same  temperature,  the  plate  will 
transmit  3  x  965.7=  2,897.1  heat  units  per  square  foot  per  hour,  or 
for  convenience  let  us  say  2,900  heat  units. 

Now  experiments  on  the  conductivity  of  metals  have  shown 
that  an  iron  plate  1  foot  square  and  1  inch  thick  whose  opposite 
surfaces  are  kept  at  a  uniform  difference  in  temperature  of  1 
degree  Fahr.  will  transmit  in  an  hour  473  British  thermal  units." 
Hence  to  transmit  2,900  British  thermal  units  per  hour,  the  dif- 
ference in  temperature  of  the  two  sides  of  the  plate  will  be  2,900  -4- 
473  =  6.13  degrees. 

I  doubt  not  it  will  surprise  many  to  learn  that  so  small  a 
difference  of  temperature  between  the  two  surfaces  of  an  iron  plate 
is  sufficient  to  cause  so  large  an  amount  of  heat  to  flow  through 
it ;  but  the  coefficient  for  the  heat  conductivity  of  iron  on  which 
it 'is  based  is  the  result  of  many  experiments  by  the  most  eminent 
physicists,  and  is  accepted  as  correct  by  the  best  scientific  au- 
thorities, and  there  is  no  reason  to  doubt  its  accuracy .f 

In  studying  our  present  problem,  however,  the  exact  accuracy 
of  the  col'fficient  is  a  matter  of  no  particular  importance.  We 
just  found  that  boiler  heating  surface  1  inch  thick,  when 
transmitting  2,900  heat  units  per  hour,  will  have  a  difference  of 
temperature  on  its  two  sides  of  6.13  degrees  Fahr.   But  we  never 

*  See  Ganol's  "Phypics,"  13th  ed.,  page  378. 

fMany  engineering  text-books  and  pocket-books  still  quote  Rankine's 
formula  and  Peclet's  coefficients  for  heat  conductivity  ;  but  the  latter  have  been 
found  by  the  more  careful  research  of  modern  physicists  to  have  been  largely  in 
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have  beating  surface  of  such  thickness  iu  steam  boilers.  The 
shell  heating  surface  iu  iuternally  fired  boilers  is  seldom  over 
g-inch  thick.  Furnaces  and  fire  boxes  are  made  of  }  inch  to 
f-inch  plates,  while  tube  heating  surface  is  from  r'g  to  ^-inch  thick. 
We  see  then  that  the  actual  difference  of  temperature  between 
the  two  surfaces  of  a  boiler  tube  transmitting  heat  at  the  rate 
already  named  will  be  from  ^  to  j\  of  6.13  degrees,  or  in  round 
numbers  from  f  degree  to  less  than  1  degree  Fahr.  As  the  emi- 
nent physicist  Lord  Kelvin  has  said,  for  all  practical  purix)ses, 
we  may  consider  that  the  heating  surfaces  of  steam  boilers  con- 
duct heat  as  if  they  were  no  thicker  than  paper,  or  as  if  the  metal 
were  of  infiuite  conductivity.  It  will  be  seen  also  that  an  error 
of  50  per  cent.,  or  even  of  several  hundred  per  cent.,  in  determin- 
ing the  coefficient  of  conductivity  of  iron,  even  if  such  an  error 
were  probable,  would  make  no  practical  difference  in  this  con- 
clusion. 

There  are  many  facts  of  practical  importance  to  be  drawD  from 
this.  For  example,  in  its  light  we  can  readily  see  how  little 
reason  there  is  to  expect  any  greater  economy  in  locomotive 
boilers  with  brass  or  copper  tubes  and  fire  boxes  than  in  those 
of  steel.  Yet  we  still  hear  the  superior  conductivity  of  copper 
urged  as  a  reason  why  English  railways  stick  to  the  use  of  copper 
fire  boxes. 

Turning  again  to  Fig.  144,  we  know  now  that  the  two  surfaces  of 
the  plate,  (if  Ave  conceive  its  thickness  reduced  to  that  of  an 
ordinary  boiler  tube,)  will  have  only  a  trifling  difference  of  tem- 
perature. Next  let  us  discuss  the  relative  heat-absorbing  powers 
of  tlie  water  on  the  one  side  of  the  plate  and  the  hot  gases  on 
the  other.  It  is  to  be  kept  clearly  in  mind  that  the  temperatures 
of  the  two  sides  of  the  plate  which  we  have  just  considered  are 
the  temperatures  of  the  skin  of  the  plate  itself,  which  is  quite  a 
different  matter  from  the  temperature  of  the  air  or  the  water  in 
contact  with  the  plate. 

If  this  is  clearly  understood,  it  will  be  easy  to  understand  that 
the  actual  temperature  of  the  plate  itself  depends  on  the  relative 
heat-transmitting  power  of  the  fluids  on  its  two  sides.  If  these 
fluids  were  the  same  on  the  two  sides,  and  were  at  the  same  tem- 
]ierature  and  under  the  same  conditions  as  respects  mobility, 
then  the  plate  temperature  would  be  a  mean  of  the  temperatures 
of  the  fluids  on  its  two  sides.  But  in  the  case  shown  in  Fig.  144, 
since  water  is  many  iimes  as  eflScient  as  air  or  furnace  gases  iu 
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absorbing  heat,  the  ])late  temperature  will  be  nearly  the  same  as 
tiiat  of  the  water  and  far  below  the  temperature  of  the  hot 
gases. 

This  is  a  fact  which  is  a  matter  of  common  knowledge  ;  and 
yet  it  has  been  overlooked  by  many  engineers  and  by  engineering 
writers ;  and  because  it  has  been  overlooked  is  one  main  reason 
why  engineers  have  not  always  insisted  on  the  fire  side  of  tubes 
being  considered  the  heating  surface  of  steam  boilers. 

Let  us  review  some  uf  the  facts  which  show  the  relative  heat- 
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absorbing  power  of  water  and  gases :  Take  an  iron  rod  and  heat 
it  to  redness,  then  let  it  be  held  still  with  only  the  air  in  contact 
with  it,  and  see  how  long  a  time  elapses  before  it  is  cool  enough 
to  be  touched.  Heat  the  rod  to  redness  again  and  then  plunge 
it  in  water  and  again  note  the  time  before  it  can  be  touched.  We 
have  then  a  very  rough  approximation  of  the  relative  heat-ab- 
sorbing powers  of  air  and  water. 

Again,  experiments  have  been  conducted  to  determine  the  tem- 
peratures to  which  a  metal  plate  could  be  heated  when  one  side 
was  in  contact  with  water.  The  temperature  was  determined  by 
inserting  in  it  plugs  of  various  fusible  alloys,  and  the  fire  side  of 
the  plate  was  then  subjected  to  the  most  intense  heat  that  a 
powerful  blow-j^ipe  could  produce.     So  long  as  the    water  side 
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of  the  plate  was  clean,  it  was  impossible  to  melt  the  fusible 
plugs.  * 

The  most  striking  illustration,  however,  whicli  the  writer  has 
ever  seen  of  the  large  heat-absorbing  power  of  water,  as  compared 
with  air,  was  au  experiment  conducted  by  him  for  another  pur- 
pose some  years  ago.  A  vessel  having  a  single  vertical  tube  of 
about  2  inches  diameter  was  filled  with  cold  water  (45  degrees  to 
50  degrees  Fahr.);  the.  hot  gases  from  a  large  oil  lamp  or  a  Buusen 
burner  at  a  temperature  of  some  1,000  degrees  or  more  were  then 
passed  up  through  the  tube.  The  surface  of  the  tube  exposed  to 
the  hot  gases  was  kept  so  cold  by  the  water  on  the  other  side 
that  drops  of  dew  were  condensed  upon  it  from  the  hot  gases,  and 
the  interior  of  the  tube  became  actuall}'  coated  with  dew,  which 
remained  until  the  water  was  warmed  to  about  00  degrees.  I 
advise  anyone  who  may  not  be  convinced  as  to  the  enormous 
heat-absorbing  power  of  water  as  compared  with  gases,  to  try 
this  simple  experiment. 

It  is  very  easy  to  understand  wh}'  water  should  liave  so  much 
greater  heat-absorbing  power  than  air.  The  specific  heats  of 
water  and  air  are  as  1  to  0.23  for  equal  weights ;  but  since  air  at 
ordinary  temperatures  weighs  only  gr?  ^^  much  as  an  equal  vol- 
ume of  water,  if  we  consider  a  thin  film  of  air  in  contact  with  a 
hot  surface  and  a  film  of  water  of  equal  thickness  and  area  in 
contact  with  a  similar  hot  surface,  the  water  would  absorb  3,530 
times  as  much  heat  as  the  air  if  the  temperatures  of  each  were 
raised  an  equal  amount.  Again,  the  relative  heat  conductivities 
of  water  and  of  air,  according  to  Lord  Kelvin,  are  as  40  to  1.  On 
the  other  hand,  in  the  transmission  of  heat  from  a  surface  to  a 
fluid,  the  mobility  among  the  particles  of  the  fluid,  whereby 
fresh  portions  of  it  are  constantly  brought  in  contact  with  the 
surface,  is  a  matter  of  great  importance,  and  in  this  respect  air,  of 
course,  has  a  considerable  advantage. 

The  writer  has  been  unable  to  find  any  trustworthy  figures  for 
the  relative  heat-absorbing  power  of  air  and  watei' ;  and  the  prac- 

*It  may  be  well  to  poiut  out  that  this  metbod  of  determining  the  maximum 
temperature  reached  by  the  plate  is  subject  to  more  or  less  error  on  account  of 
the  obstruction  to  the  passage  of  heat  from  the  plug  to  the  metal  of  the  plate 
(the  plug  being  merely  embedded  in  the  surface  of  the  plate  and  not  passing 
entirely  through  it).  Any  joint  between  two  metal  surfaces  interferes  with  heat 
conductivity  just  as  it  does  with  electrical  conductivity.  The  amount  of  inter- 
ference depends  upon  how  intimate  the  contact  is  between  the  metals,  the  amount 
of  oxides  (if  any)  between  thern,  etc. 
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tical  importance  of  their  accurate  determiuatiou  Avould  be  trifling, 
for  we  kuow  iu  a  general  way  and  from  the  examples  already 
cited  that  water  absorbs  heat  very  many  times  more  rapidly  than 
air,  so  many  times  that  in  the  case  of  a  thin  metal  plate,  such  as  a 
boiler  tube,  transmitting  heat  from  furnace  gases  on  the  one  side 
to  water  on  the  other,  we  can  be  quite  certain  that  the  tempera- 
ture of  the  metal  plate  is  at  most  only  a  few  degrees  warmer  than 
the  water  in  contact  with  it". 

In  other  words,  in  any  steam  boiler  with  clean  heating  sur- 
faces we  can  assume  the  temperature  of  the  fire  side  of  the  heat- 
ing surface  to  be  practically  the  same  as  that  of  the  water  in  the 
boiler.  Perhaps  it  may  be  1  degree  more ;  perhaps  it  may  in 
some  cases  be  20  degrees,  or  possibly  30  degrees,  more.  The 
difference  is  of  no  practical  importance,  since  in  the  few  cases 
where  so  large  a  difference  as  20  degrees  or  30  degrees  may  pos- 
sibly' exist,  the  temperature  of  the  fire  to  which  the  surface  is 
exposed  is  greater  by  probably  2,000  degrees  or  more  than  the 
temperature  of  the  plate. 

If.  now,  it  is  clear  that  the  fire  side  of  the  boiler  tube  or  flue  is 
at  practically  the  same  temperature  as  that  of  the  water  in  the 
boiler,  the  reader  will  have  little  difficulty  in  comprehending  that 
this  surface,  and  not  the  surface  on  the  water  side,  is  the  real 
heating  surface  of  the  boiler,  which  measures  its  capacity  of 
making  steam. 

The  great  resistance  to  the  flow  of  heat  iu  any  steam  boiler  is 
in  getting  the  heat  from  the  hot  gases  into  the  surface  exposed 
to  them.  Compared  with  this,  the  resistance  to  the  passage 
through  the  plate  and  the  resistance  to  the  passage  from  the 
plate  into  the  water  are  mere  trifles.  If  we  increase  the  surface 
exposed  to  the  hot  gases,  we  shall  increase  the  capacity  of  the 
boiler  to  absorb  heat ;  but  if  we  leave  this  surface  the  same  and 
increase  the  surface  exposed  to  the  water,  the  amount  of  heat 
transmitted  in  a  given  time  will  be  practically  the  same. 

The  case  can  be  made  still  more  clear  perhaps  by  an  analogy 
to  the  flow  of  water  through  pipes.  If  we  have  a  length  of  1-inch 
pipe,  connected  to  two  lengths  of  12-incli  pipe,  and  allow  water  to 
flow  through  them  under  a  head,  it  is  clear  that  the  flow  will  be 
determined  by  the  resistance  of  the  1-inch  pipe.  If  we  enlarge 
that,  we  shall  enlarge  the  flow  ;  but  if  we  leave  that  alone  and 
enlarge  either  or  both  the  12-inch  pipes,  the  flow  will  be  practi- 
cally unchanged. 
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The  area  of  the  fii'e  side  of  the  tube  is  what  determines  the 
heat-absoibing  power  aud  the  steam-making  capacity  of  the  boiler. 
If  we  can  cause  this  to  take  up  more  lieat  in  any  Avay,  we  shall 
increase  the  power  of  the  boiler.  The  Serve  tube,  with  its  ribs 
extending  into  the  hot  gases,  increases  the  interior  surface  of  the 
tube,  and  thus  its  capacity  for  absorbing  heat.  If,  however, 
instead  of  putting  ribs  on  the  fire  side  of  the  tube,  we  put  them 
on  the  water  side,  we  increase  the  surface  exposed  to  the  water, 
but  we  make  no  increase  of  any  practical  im[)ortance  in  the 
■amount  of  heat  transmitte.L  In  a  similar  way,  the  curved  form 
of  the  tube,  which  causes  the  surface  exposed  to  the  water  to  be 
greater  than  that  exposed  to  the  fire  (in  fire-tube  boilers),  effects 
no  increase  in  the  amount  of  heat  transmitted.  The  real  heating 
surface,  which  determines  the  amount  of  heat  transmitted,  is  the 
surface  exposed  to  the  fire. 

In  the  preceding  discussion  it  has  been  supposed  that  the 
heating  surfaces  were  clean  on  both  sides.  As  a  matter  of  fact, 
heating  surface  is  almost  invariably  more  or  less  coated  with  soot 
or  ash  on  the  fire  side  and  with  sc;ile  on  the  water  side.  If  the 
preceding  discussion  has  been  carefully  followed,  it  will  be  clear 
that  the  transfer  of  heat  will  be  much  more  interfered  with  by  the 
deposits  on  the  fire  side  than  by  deposits  on  the  water  side.  To 
use  again  the  analogy  of  the  water  pipes,  a  half  closed  valve  in 
the  1-inch  pipe  would  have  far  more  effect  than  a  half-closed  valve 
in  the  12-incli  pipe.  It  is  no  part  of  the  purpose  of  this  paper  to 
excuse  lack  of  care  in  keeping  boilers  free  from  scale ;  but  it  is 
nevertheless  quite  certain  that  a  thin  scale  on  boiler  tubes  does 
not  interfere  in  any  noticeable  degree  with  the  capacity  or  economy 
of  a  boiler,  while  the  coating  of  the  fire  side  of  the  tubes  witli  a 
flocculent  deposit  of  soot  does  certainly  interfere  in  a  marked 
degree  with  a  boiler's  steam-making  capacity.  Of  course,  a  thick 
scale  on  the  water  side  of  tubes  or  other  heating  surface,  or  any 
other  material  which  acts  as  a  non-conductor,  may  considerably 
obstruct  the  flow  of  heat.  If  it  does  this,  the  temperature  of  the 
heating  surface  itself  will  at  once  be  raised,  and  may  reach  a  point, 
as  happens  sometimes  with  the  shells  of  externally  fired  boilers 
and  with  the  furnaces  of  marine  boilers,  where  the  metal  may  be 
so  heated  as  to  bulge  or  buckle. 

It  may  be  worth  while  in  this  connection  to  administer  a  punc- 
ture to  that  hoary  fraud  which  has  been  repeated  in  technical 
literature  and  trade  catalosfues  "  ad  nauseam."     I  refer  to  a  table 
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purporting  to  give  the  loss  of  economy  in  per  cents,  for  each 
y^g-iuch  of  scale  upon  the  heating  surface  of  a  boiler.  In  view  of 
the  fact  that  there  are  many  varieties  of  boiler  scale,  varying  widely 
in  porosity  and  heat  conductivity,  and  remembering  that  the 
thickness  of  scale  in  different  parts  of  a  boiler  is  never  uniform, 
it  hardly  needs  the  discussion  above  to  show  the  utter  absurdity 
of  this  ancient  "  fake." 

Another  deduction  of  practical  importance  from  the  fact  just 
set  down,  is  that  so  far  as  the  transmission  of  heat  after  the  boiler 
is  making  steam  is  concerned,  the  circulation  of  the  water  in 
boilers  is  of  a  good  deal  less  consequence  than  has  been  some- 
times claimed.  I  do  not  mean  by  this  that  it  is  not  worth  while  to 
make  proper  provision  for  circulation.  There  are  possibly  some 
parts  of  boilers  worked  with  forced  draft,  such  as  the  tube-plates 
of  marine  boilers,  where  it  is  so  difficult  for  the  steam  bubbles  to 
get  away  fast  enough  that  we  have  a  mass  of  foam  instead  of 
water  in  contact  with  the  plate.  Under  such  conditions,  of  course, 
the  plate  is  bound  to  be  heated  ;  but  I  know  of  no  evidence  that 
this  is  any  other  than  a  rare  occarreuce,  even  in  boilers  which  are 
pushed  most  severely.  If  anyone  is  inclined  to  stick  to  the  old 
hobby  that  circulation  is  of  great  importance  to  economy,  I  ad- 
vise him  to  consider  the  conditions  in  the  narrov/  water  space 
(about  3^  inches  wide)  around  a  locomotive  fire  box,  where  the 
steam  rushing  up  is  directly  opposed  by  the  water  going  down. 
Let  it  be  understood  that  I  am  referring  to  circulation  only  as 
affecting  the  transfer  of  heat  and  the  consequent  economy  and 
capacity  of  the  boiler.  Good  circulation  is  desirable  to  prevent 
unequal  heating  of  the  boiler,  and  consequent  straining,  and  it 
may  be  of  service  in  preventing  deposits  of  scale  and  mud  in  places 
where  they  are  least  desirable  ;  but  that  it  has  any  appreciable 
effect  on  economy  and  capacity  is  not  proved,  and  probably  can- 
not be. 

It  has  been  demonstrated  above  that  the  surface  exposed  to  the 
fire  is  the  real  heating  surface  of  a  steam  boiler.  Is  there  any 
good  reason  why  this  should  not  be  generally  adopted  by  en- 
gineers as  the  correct,  and  the  only  correct,  method  of  computing 
heating  surface  ? 

The  following  are  some  reasons,  good  or  bad,  which  are  likely 
to  be  urged  against  this  : 

1.  The  makers  of  fire-tube  boilers  will  claim  that  this  gives  the 
water-tube  boiler  makers  an  advantage.  With  the  same  number 
38 
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of  tubes  iu  a  boiler,  of  the  same  length,  the  water-tube  boilers  cau 
show  7  to  11  per  cent,  greater  heating  surface.  This  is  of  course 
true ;  but  is  it  not  an  advantage  to  which  the  water-tube  boilers 
are  fairly  entitled  ?  It  must  be  remembered  that  nowhere  iu  this 
discussion  has  it  been  claimed  that  there  was  any  fixed  heat 
transmitting  value  for  heatiug  surface.  On  the  contrary,  it  is  en- 
tirely certain  that  a  square  foot  of  heatiug  surface  in  one  type  of 
boiler  may  have  double  the  heat  transmitting  power  of  an  equal 
area  in  anotlier.  Again,  the  relative  facility  with  which  heating 
surface  can  be  cleaned  of  soot  and  ash  counts  for  a  vast  deal,  more 
than  most  steam  users  are  accustomed  to  think.  It  certainly 
seems  that  the  makers  of  fire-tube  boilers  have  enough  valid  argu- 
ments to  offer  for  their  product  without  demanding  the  privilege 
of  overstating  their  heating  surface  by  7  to  11  per  cent. 

2.  Another  argument  offered  for  the  use  of  the  exterior  surface 
as  the  heating  surface  is  that  this  makes  a  given  boiler  show  a 
larger  heating  surface  than  if  the  interior  were  taken.  However 
much  the  argument  may  appeal  to  boiler  manufacturers — and  I 
hardly  think  they  will  take  it  very  seriously — it  deserves  no 
weight  with  engineers.  A  foot  rule  is  no  longer  for  calling  it  13 
inches. 

3.  It  is  urged  that  practice  is  and  has  in  the  past  been  fairly 
uniform  in  accepting  exterior  area  as  the  heating  surface,  and  it 
is  best  to  stick  to  a  uniform  practice,  even  if  it  be  in  error,  than 
to  change.  If  the  practice  were  actually  uniform,  there  might  be 
reason  in  this  argument ;  but  while  the  majority  of  engineers 
probably  use  the  exterior  surface  of  tubes  in  computing  heating 
surface,  there  is  a  very  respectable  minority  which  insists  on  the 
correct  method  of  computation,  and  this  minority  shows  no  signs 
of  decreasing. 

4.  As  the  outside  diameter  of  the  tube  is  even  inches  and  the 
thickness  of  tubes  varies,  it  is  easier  to  compute  the  exterior 
heating  surface  than  the  interior.  Probably  this  is  one  of  the 
principal  reasons  why  the  outside  surface  has  so  frequently  been 
taken  ;  but  in  these  days  of  tables  and  pocket-books  and  aids  to 
computations,  so  trifling  a  matter  as  computing  the  interior  area 
of  a  tube  ought  not  to  be  an  excuse  for  perpetuating  an  error. 
As  a  matter  of  fact,  it  will  generally  be  less  labor  to  do  this  than 
it  is  to  figure  the  cost  of  the  tubes  with  the  numerous  series  of 
discounts  which  are  frequently  found  on  hardware  bills  iu  these 
days. 
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It  appears  to  the  writer  that  none  of  the  arguments  wliich  have 
been  cited  in  favor  of  computing  the  exterioi-  surface  of  tubes  as 
their  heating  surface  are  sound  enough  to  justity  engineers  in  per- 
petuating this  error.  If,  however,  for  the  sake  of  uniformity  or 
ease  of  calcukition,  it  should  be  thought  best  to  use  the  exterior 
surface  of  tubes  in  computing  heating  surface,  the  fact  that 
this  is  not  the  real  heating  surface  ought  to  be  kept  clearly  in 
mind.  Misconception  and  Avrong  ideas  on  this  point  liavc  been 
responsible  for  not  a  few  mistakes  and  absurdities  in  the  design 
of  steam  boilers. 

DISCUSSION. 

Prof.  S.  W,  Robinson. — The  entire  resistance  in  passing  from 
the  hot  gases  to  the  water  includes  that  in  getting  the  heat  from 
the  gases  into  the  plate,  the  resistance  of  the  metal  of  the  plate 
itself,  and  finally  the  resistance  in  passing  from  the  plate  to  the 
water.  The  resistances  in  passing  through  the  plate  and  from 
the  plate  to  the  water  are  comparatively  small.  It  is  probably 
well  known  that  in  analyzing  the  case  we  treat  of  the  three 
resistances,  but  in  the  final  formula  for  practical  nse  all  the 
resistance  is  dropped  from  the  formula  except  the  resistance  in 
passing  from  the  gas  into  the  metal. 

J//'.  Gus  C.  HenniiKj. — I  would  like  to  discuss  the  point  whether 
the  plates  are  all  heated  the  same  on  the  fire  and  the  water  side. 
If  we  have  a  straight,  flat  surface,  the  fire  acts  on  the  sheet  uni- 
formly. It  begins  to  eat  away  the  sheet  exactly  where  the  scale 
has  been  broken  off  of  the  sheet.  Where  there  is  still  some 
scale  the  sheet  is  not  eaten  away  as  rapidly  as  at  the  adjoining 
points,  and  if  put  in  service  the  sheet  will  wear  that  way  unless 
there  are  some  soft  spots  in  the  sheet. 

With  respect  to  the  other  point,  "  whether  the  sheet  is  heated 
uniformly  through  and  up  to  the  temperature  of  the  steam  on  the 
other  side,"  I  want  to  point  out  these  facts  :  Boilers  are  not 
like  flat  sheets  ;  they  have  seams  and  rivet  heads.  In  firing  up, 
the  boiler  gets  pretty  hot  inside,  and  the  edge  of  the  lap  becomes 
actually  red  hot  and  the  rivet  heads  sometimes  show  redness, 
provided  there  is  a  plate  on  the  back  of  it  sip  that  the  heat  does 
not  go  directly  into  the  water.  At  points  of  the  fire  side  away 
from  the  edge  of  seam  the  sheet  will  not  be  red  hot,  but  the 
temperature  will  be  uniform.  But  if  you  look  into  the  furnace 
of  a  locomotive  boiler  or  any  boiler  which  has  a  pretty  hot  fire, 
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you  will  find  that  these  rivet  heads  are  positively  red  hot  on  the 
extreme  top,  and  the  edge  of  the  overlapping  seam  is  red  hot. 
One  result  is  that  after  a  boiler  has  been  in  service  for  some  time 
— especially  a  locomotive  boiler — the  edge  of  plate  is  split  from 
the  rivet  out.  The  other  day  I  saw  a  boiler  which  had  exactly 
one-fifth  of  the  rivet  holes  cracked  from  the  rivet  out  to  the 
edge.  That  is  produced  by  the  fact  that  the  sheet  was  red  hot. 
These  rivets  were  driven  in  so  as  to  plug  the  hole  thoroughly, 
and  had  expanded  the  metal  a  little  bit.  When  the  metal  gets 
red  hot  it  is  so  much  softer  than  the  body  of  the  rivet  inside, 
that  it  will  simply  burst  the  edge  of  the  sheet.  Sometimes 
those  cracks  extend  beyond  the  other  side  of  the  rivet,  causing 
leakage.  Any  one  can  see  that  the  top  of  head  of  the  rivets  is 
red  hot,  if  blue  glasses  are  used ;  some  can  see  it  without,  of 
course.  It  can  be  seen  that  some  stay-bolt  heads  are  red  hot, 
and  by  looking  into  a  furnace  that  has  been  running  for  some 
time,  these  heads  will  be  seen  to  have  been  burnt  off.  I  mean 
in  a  case  where  a  proper  head  has  been  put  on  a  stay-bolt. 
There  is  no  question  about  the  edge  of  lap,  because  a  look  into 
a  locomotive  boiler  shows  edges  of  these  seams  red  hot.  There 
is  no  question  that  when  they  are  red  hot  and  water  is  on  the 
other  side,  the  temperature  on  the  fire  side  will  be  much  higher 
than  on  the  water  side.  I  do  not  deny  that  the  fire  side  ought  to 
be  the  heating  surface  for  calculation,  but  at  the  same  time 
there  is  a  great  diff'erence  of  temperature  in  the  different  parts 
of  sheets  of  the  boiler  according  to  where  it  is  measured.  In 
my  previous  statement,  which  Mr.  Baker  did  not  understand, 
we  have  another  thing.  The  boiler  on  top  was  arched  by  brick, 
which  absorb  the  heat  very  rapidly,  and  at  the  bottom  the  shell 
is  in  contact  with  fire ;  but  it  is  not  that  which  produces  the  ex- 
pansion of  the  boiler  ;  it  is  the  change  of  shape. 

Mr.  Chas.  W.  Barnahy. — I  am  very  much  inclined  to  doubt  Mr. 
Henning's  blue  glasses.  I  think  he  must  have  got  some  red 
glasses  on  by  mistake.  I  have  frequently  looked  under  boilers  and 
noticed  that  the  rivets  did  look  red  hot.  But  I  always  attributed 
it  to  the  reflection  of  the  fire — a  sort  of  a  red  glow.  There  is 
frequently  a  red  glow  over  everything  at  sundown.  In  the  same 
manner  the  red  glow  of  the  furnace  fire  is  reflected  from  the 
rivets.  I  do  not  think  it  would  be  possible  under  any  conditions 
of  fire,  under  any  ordinary  thicknesses  of  m.etal,  and  ordinary 
construction,  placing  of  rivets,  etc.,  to  get  the  outer  end  of  the 
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rivet  red  hot  ov  to  a  point  anywhere  near  approacliing  a  red 
heat,  with  water  against  the  inside.  Of  course,  if  the  boiler  was 
badly  scaled  it  might  be  different,  and  you  might  get  the  sheet 
r3d  hot.  We  know  that  they  do  get  red  hot  in  some  cases,  as  is 
shown  by  the  occasional  bagging  down  of  the  shell  over  the  fire. 
If  the  rivets  and  edge  of  the  sheet  really  did  get  red  hot,  instead 
of  the  cracking  of  a  shell  at  the  rivets  being  a  comparatively 
rare  exception  it  would  become  a  rule,  and  I  think  you  would 
find  it  on  every  boiler.  As  a  rule,  where  you  find  those  cracked 
sheets  you  can  make  up  your  mind  it  is  due  to  one  of  two  things  : 
the  boiler  has  been  allowed  to  get  very  dirty,  or  else  it  has  been 
made  of  very  poor  material. 

Mr.  T.  ir.  Hugo.— I  would  like  to  ask  the  gentleman  who  spoke 
if  he  has  ever  found  those  cracked  sheets  without  an  accom- 
panying elongation  of  the  rivet  hole.  I  have  come  across  a 
great  number  of  cracked  sheets,  in  our  country,  and  invariably 
found  a  rivet  hole  out  of  shape.  In  a  great  many  cases  the 
cause  of  the  deformation  of  the  hole  could  be  traced  directly  to 
the  pull  of  the  sheet,  resulting  from  the  corrugation  of  the  plate 
when  overheated  through  an  accumulation  of  dirt  or  some  oil ; 
but  in  every  case  the  crack  in  the  plate  from  the  rivet  hole  to 
the  edge  has  been  accompanied  by  an  elongation  of  the  rivet 
hole,  and  my  conclusions  were  that  they  were  due  to  the  ex- 
traordinary pull  or  strain  thus  put  on  the  sheet  under  abnormal 
conditions  ;  and  where  those  corrugations  or  some  other  mark  of 
overheating  did  not  appear.  I  blamed  it  on  the  severe  initial 
strains  due  to  poor  workmanship. 

Mr.  E.  D.  Meier.— I  think  myself  that  my  colleague  Henning  has 
made  a  mistake  in  supposing  that  he  saw  those  rivet  heads  red 
hot.  I  have  often  looked  into  the  inside  of  a  locomotive  boiler 
and  I  have  never  seen  them  red  hot.  I  think  you  would  be  apt 
to  be  misled,  for  this  reason— there  will  be  always  a  great  amount 
of  soot  and  ash  collected  on  those  rivets,  and  that  will  glow. 
That  may  possibly  get  red  hot,  and  that  will  assist  the  optical 
illusion— the  reflection  from  the  fire  itself.  I  do  not  think  if 
you  were  to  suddenly  deaden  the  fire  that  you  would  see  any- 
thing red  hot  in  the  locomotive  boiler.  It  is  true  that  not  so 
much  the  rivet  heads  as  the  outer  plate  will  be  hotter  than  this 
inside  plate.  That  is  proved  l)y  the  long  experience  on  the 
Mississippi  Kiver  and  its  tributaries,  which  lias  shown  that  it  is 
not  safe  to  carry  the  metal  more  than  ^-wo  of  an  inch  thick ;  and 
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latterly,  since  they  have  been  using  steel  altogether  instead  of 
iron,  they  have  increased  that  to  y'V  of  an  inch.  But  anything 
thicker  will  be  apt  to  burn  out  on  the  laps.  No  doubt  the  scale 
has  something  to  do  with  that.  The  presence  of  scale  has 
quite  an  influence.  It  depends,  of  course,  on  the  kind  of  scale. 
Anything  that  will  prevent  the  water  from  actually  touching  the 
metal  on  the  inside  is  going  to  have  that  effect.  Now  a  very 
thin  oil  film,  so  thin  that  you  can  hardly  measure  it,  will  have 
more  effect  than  i^  of  an  inch  of  hard  scale.  Why  ?  •  Because 
the  scale  always  will  permit  some  water  to  get  through  it.  It 
is  always  soaked  with  water.  But  the  oil  will  not.  Another 
point  in  regard  to  the  circulation  :  I  agree  fully  with  the  author 
of  this  paper  as  to  the  desirability  and  the  correctness  of  taking 
the  outer  surface  of  the  tubes — that  is,  the  fire  surface  of  the 
tubes  ;  I  should  say  the  inner  surface  in  the  case  of  fire-tube 
boilers,  and  the  outer  surface  in  the  case  of  water-tube  boilers. 
The  fire  surface  of  the  tubes  is  the  heating  surface.  But  he 
errs  when  he  says  that  the  circulation  has  notliing  to  do  with 
it.  It  has  everything  to  do  with  it.  His  own  illustration  shows 
that.  Take  that  illustration  of  the  blacksmith  who  thrusts  a 
rod  into  a  tub  of  water  to  cool  it;  he  never  holds  it  steady,  he 
moves  it  about.  Why?  Because  the  moment  that  a  film  of 
steam  or  hot  water  forms  on  it  it  will  not  cool  so  quickly.  Take 
ao-ain  his  illustration  of  the  locomotive  boiler.  Has  any  one 
ever  seen  a  locomotive  boiler  standing  idle  on  the  track,  or  on 
skids  in  a  shop,  do  as  much  work  as  it  will  when  it  is  in  motion, 
when  every  bubble  of  steam  is  shaken  loose  as  soon  as  formed  ? 
The  same  with  a  marine  boiler.  You  cannot  get  as  much  work 
out  of  a  marine  boiler  on  shore  as  you  can  on  a  vessel.  The 
circulation  has  everything  to  do  with  it.  That  is  the  life  of  a 
water-tube  boiler,  and  that  is  the  reason  the  water-tube  boilers 
are  everywhere  in  the  lead.  The  circulation  brings  fresh  water 
right  to  the  point  where  it  may  draw  off  the  heat,  and  I  think 
the  circulation  on  the  other  side  is  just  as  important.  If  you 
have  simply  dead  heat  there  you  won't  get  as  much  out  as  if 
you  had  the  heat  constantly  sweeping  through,  so  that  the  first 
volume  of  hot  gas  is  swept  awUy  as  soon  as  cooled,  and  a  fresh 
volume  takes  its  place. 

Mi\  William  Garrett. — As  I  understand  it,  the  paper  we  are 
discussing  just  now  is,  "  What  is  the  heating  surface  of  a  steam 
boiler?  "     We  are  drifting  into  the  subject  as  to  whether  or  not 
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a  rivet   gets   red   hot    niuler  a  steam  boiler.     lu  reading  this 
paper  I  tliouglit  the  main  object  of  the  author  was   to   settle  a 
long  dispute  between  the  fire-tube  and  the  water-tube  boilers, 
as  to  which  of  the  two  boilers  had  the   more   heating  surface. 
Another  thing  he  wanted  to  impress  upon  our  mind  is  that  it 
is  necessary  for  a  manufacturer  to  know  the  heating  surface  of  a 
boiler  before  he  can  know  what  he  is  getting  for  his  money  ;  and 
one  would  infer  that  the  man  who  buys  a  boiler  with  the  greatest 
heating   surface  gets  the  most  for  his  money.     Now  I  differ 
from  the  general  way  of  looking  at  these  things,  that  the  heat- 
ing surface  of  a  boiler  is  everything  that  is  required  to  show  its 
merits,  and  I  want  to  tell  a  little  story  in  connection  with  this 
which  will  make  my  reason  plain.     A  little  boy  who  lived  on  a 
farm  took  a  great  interest  in  raising  chickens.     His  parents  en- 
couraged him  in  this,  built  him  a  chicken  coop,  gave  him  some 
eggs  and  hens  to  start  with.     One  day  there  was  quite  a  fuss  in 
the  chicken  coop,  and  the  boy's  mother  looking  over  the  fence 
saw  Johnny  was  in  the  act  of  setting  a  hen  upon  some   eggs. 
His  mother  said,  "What  are  you  doing,  Johnny?  "    He  replied, 
'"  1  am  trying  to  set  this  old  hen."     '•  Why,  Johnny,"  said  the 
mother,  "  you've  got  too  many  eggs.    Let  me  see  ;  you've  twenty- 
four  there  ;  why,  thirteen  are   enough."     "  I  know  that,"  said 
Johnny,  "  but  I  want  to  see  the  old  hen  spread  herself."     Now, 
there  was  a  larger  heating  surface  in  the  twenty-four  eggs  than 
in  the  thirteen,  but  of  what  use  was  that,  seeing  that  the  heat- 
ing capacity  of  the  hen  was  only  equivalent  to  thirteen  eggs  ?  and 
I  believe  that  boiler  men  are  running  somewhat  riotous  in  the 
direction  of  heating  surfaces  of  boilers,  and  not  paying  as  much 
attention  as  they  should  to  the  heating  surface  that  can  he  applied  to 
,a  boiler.     It  is  resuUs  that  manufacturers  look  for,  and  one  of  the 
most  economical  things  I  know  of  in  this  direction,  that  of  ob- 
taining results  from  a  boiler,  was  what  I  saw  on  the  other  side 
of  the  water,  where  they  had  a  heating  furnace   applied  to  a 
boiler  (one  of  our  well-known  water-tube  boilers).     They  fired 
this  furnace  by  hand,  and  the  results  they  obtained  were  as  fol- 
lows:   weighing  the  amount   of  coal  they    consumed   and   the 
quantity  of  water  they  evaporated,  they  found  they  evaporate 
eight  pounds  of  water  to  one  pound  of  coal ;  and  the  boiler  gave 
its  full  rating  as  to  horse-power  capacity,  and  at  the  same  time 
heated  the  material  in  proper  shape  to  roll.     This  I  thmk  is 
the  basis  upon  which  boilers  should  be  bought. 
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Mr.  Suph'e. — I  think  Mr.  Baker  is  in  error  as  to  tlie  small 
value  of  circulation.  The  ordinary  method  in  the  laboratory  of 
determining  specific  heat  is  to  heat  a  piece  of  metal  and  put 
it  in  water.  We  heat  a  piece  of  metal  of  a  definite  and 
known  weight.  We  plunge  it  into  the  water  and  we  note  the 
rise  of  temperature  of  the  water.  Now  it  is  utterly  impossible 
to  get  correct  results  in  determining  specific  heat  in  that  man- 
ner unless  you  have  an  agitator ;  and  the  laboratory  instrument 
for  that  purpose  is  made  so  that  the  water  can  be  agitated 
rapidly  and  the  temperature  can  be  noted  to  rise  until  the  water 
has  circulated  and  practically  every  particle  of  water  has  come 
in  contact  with  the  metal.  Lately  Mr.  Yarrow  has  made  a  num- 
ber of  experiments  which  were  presented,  I  think,  before  the 
Institute  of  Naval  Architects  in  London,  concerning  the  effect 
of  circulation  on  his  water-tube  boilers,  and  there,  by  the  intro- 
duction of  diaphragms  in  the  lower  drums  and  delivering 
the  water  into  the  outer  rows  of  tubes  under  pressure,  he  suc- 
ceeded in  increasing  the  evaporation  very  materially  by  forc- 
ing the  circulation.  I  think  the  figures  rose  to  three,  four, 
possibly  five  per  cent,  in  the  result,  according  to  whether  he" 
assisted  the  circulation  or  allowed  it  to  work  out  its  own  sal- 
vation. 

3Ir.  W.  W.  Bird. — With  regard  to  the  question  of  the  tempera- 
ture of  that  part  of  the  shell  of  a  boiler  which  is  exposed  to  the 
fire,  I  would  say  that  from  observations  made  in  connection  with 
experiments  with  various  devices  for  preventing  smoke,  we 
have  concluded  that  not  only  is  the  surface  of  the  shell  on  the 
outside  at  about  the  temperature  of  the  inside,  but  that  there  is 
a  film  or  layer  of  gas  in  contact  with  this  surface  which  is  also 
at  a  comparatively  low  temperature.  A  small  rod  was  intro- 
duced through  a  piece  of  pipe  which  protected  the  rod  so  that 
only  the  end  was  exposed  at  the  desired  point,  and  in  this  way 
a  rough  estimate  was  made  of  the  temperature  in  different  parts 
of  the  furnace,  with  the  conclusions  as  stated. 

Mr.  LaForge. — There  seems  to  be  one  view  of  this  matter 
which  has  been  left  out  of  the  discussion  altogether.  It  is  a 
well  known  fact  that  a  water  tube  boiler,  or  a  plain  horizontal 
tubular  boiler,  will  run  but  a  ver}^  short  time  before  the  upper 
side  of  the  water  tubes  is  covered  with  a  certain  amount  of 
ash,  and  the  lower  side  of  the  return  fire  tubes  are  carrying  a 
certain  amount  of  ash  in  the  bottom.     Now,  what  proportion  of 
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tliese  tubes  is  it  proper  to  consider  as  heating  surface  ?  In 
illustration  of  this  j^oint,  I  will  state  a  little  experience  that  I 
Lave  had  with  a  Hazleton  boiler,  which  may  be  of  interest.  The 
boiler  was  running  under  about  125  pounds  of  steam,  when  a  six 
inch  nipple  blew  out  of  its  upper'  head.  After  the  boiler  had 
cooled  down,  I  found  that  the  water  showed  in  the  bottom  of  the 
glass  Avater  gauge,  but  on  examination  I  found  that  the  water  had 
been  out  of  two  or  three  of  the  lower  rows  of  tubes,  the  bottom 
side  being  burned,  biit  where  the  ashes  lay  on  them  they  seemed 
to  be  all  right. 

Prof.  S.  W.  liohinson. — I  think  that  attention  should  be  called 
to  this  matter  of  strength  of  red  hot  rivet  heads.  In  calculating 
the  strength  of  a  boiler  we  allow  certain  metal  to  resist  the 
pressure,  but  I  do  not  think  it  is  customary  to  take  that  resist- 
ance on  red  hot  metah  If  the  metal  gets  red  hot  for  a  con- 
siderable distance  along  a  seam  it  would  be  very  likely  to  fail, 
since  there  is  a  considerable  strain  under  two  or  three  hundred 
pounds  modern  pressure  of  steam.  I  think  it  would  be  rather 
dangerous  business  for  people  to  be  around  in  the  neighborhood 
of  a  red  hot  boiler.  I  think  a  boiler  should  be  so  constructed 
that  the  metal  sheets  will  not  become  red  hot,  on  this  score 
alone,  of  strength  of  the  sliell  of  the  boiler. 

3Ir.  Henniruj. — Those  cracks  always  occur  on  account  of  some 
previous  defect  of  the  material,  either  by  punching  or  drifting, 
or  by  caulking  tlie  edge,  but  they  do  not  occur  on  the  Avater 
side  of  the  seams  except  in  rare  instances,  but  they  occur  in  a 
great  many  cases  on  the  fire  side.  That  is  such  a  well  known 
fact,  that  if  you  look  into  any  locomotive  boiler  (I  don't  care 
whether  it  has  been  in  service  two  weeks  or  two  years)  you  Avill 
find  some  cracks.  If  the  boiler  is  heated  up  in  the  shop  just 
for  a  trial  you  Avill  find  some  such  cracks.  Whether  the  sheet 
has  been  wrinkled  or  the  hole  has  been  drifted  or  simply 
punched  without  reaming,  you  will  always  find  those  initial 
cracks.  I  have  seen  some  few  on  the  water  side,  but  that  Avas 
due  to  bad  workmanship  Avhich  sliould  not  have  been  tolerated. 
But  the  contact  of  fire  with  the  sheets  develops  tliose  cracks, 
and  it  is  such  a  well  known  fact  that  I  did  not  think  I  ought  to 
bring  it  up  in  connection  with  the  present  paper,  because  I  Avas 
simply  talking  of  the  conduction  of  heat  from  the  surface 
through  the  sheet.  I  did  not  mean  to  say  that  the  fire  really 
caused  those  effects,  but  the  fire  simply  developed  them.    But  I 
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do  not  want  it  understood  that  I  said  that  those  cracks  were 
initiated  by  the  heat.  Thej  are  initiated  by  bad  workmanship 
main!}' ;  sometimes  by  bad  material,  and  the  heat  on  the  fire 
side  of  a  doulde  seam  like  that  develops  them. 


r^"~'^ 


Fig.  145. 


Mr.Jas.  Mc Bride. — Since  the  discussion  has  turned  upon  cracks, 
perhaps  some  of  the  members  would  like  to  know  when  they  do 
get  a  crack  of  that  kind  how  to  close  it.  In  a  couple  of  boilers 
I  have,  there  was  great  trouble  with  the  fire  box  sheets  crack- 
ing. They  would  crack  from  the  rivet  out  to  the  outside  edge, 
run  in  on  the  sheet  as  much  as  two  iaches,  and  leak  very  badly. 
Of  course  it  would  be  very  expensive  to  throw  away  the  fire  box, 
so  I  repaired  it  in  this  way  (Fig.  145) :  I  drilled  the  rivet  out, 
which  of  course  goes  through  the  two  sheets.  I  took  the  rivet 
out,  reamed  the  hole  out  true,  and  tapped  it  with  three-quarter 
inch  pipe  tap.  I  plugged  the  hole  and  drilled  another  hole  here, 
plugged  it  with  a  soft  steel  plug,  and  on  each  side  of  this,  drilled 
another  hole  about  a  quarter  of  an  inch  into  the  first  one.  I 
continued  that  process  until  I  had  drilled  out  all  of  the  crack, 
out  to  the  edge  of  the  sheet.     Those  holes  all  tapped  with  half- 
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inch  pipe  tap  and  a  soft  steel  plug  screwed  in  as  tight  as  it 
could  be  screwed,  the  square  head  was  then  sawed  off  true  on 
the  outside.  Into  each  of  these  plugs  I  drilled  a  three-eighth 
inch  hole.  I  did  not  drill  through  the  plugs,  understand,  but 
nearly  through  and  reamed  them,  tapering.  I  then  made 
tapered  pins  of  steel,  and  drove  them  into  the  plugs  as  hard  as  I 
could  drive  them,  and  have  never  had  a  leak  since.  I  fixed 
four  or  five  cracks  in  that  way,  and  they  are  perfectly  tight. 

3Ir.  Ilenning. — I  would  like  to  give  a  little  simpler  method  of 
doing  that,  which  is  the  rule  adopted  by  the  French  railroads. 
If  you  see  a  crack  on  the  inside  of  a  rivet,  drill  a  little  hole  at 
its  end  and  put  a  little  plug  in  and  caulk  the  crack  either  side 
of  the  rivet.  If  you  can  get  on  the  inside,  do  the  same  thing 
there.  But  it  may  become  necessary  to  put  a  patch  on  the 
whole  business.  But  the  first  thing  is  to  stop  the  crack  by 
drilling  a  smooth,  round  hole,  and  then  it  won't  continue. 

Mr.  LaForge. — I  would  like  to  ask  you  how  much  stronger  it 
is  after  you  do  that  than  before. 

Mr.  Henning.—\i  is  not  a  matter  of  strength.  There  is  al- 
ways an  excess  of  strength  in  the  seam,  so  that  that  is  not 
the  question.  Of  course  a  boiler  is  always  weaker  when  it  has 
cracks.  Therefore,  when  the  crack  gets  very  bad  a  patch  is  put 
on  it. 

Colonel  Meier. — I  will  say  that  I  do  not  believe  any  such 
cracks  ever  occurred  from  bad  workmanship  or  from  the  heat. 
It  was  no  doubt  bad  material ;  for  which  reason,  when  I  find  a 
number  of  cracks  like  that  occurring  (referring  to  blackboard), 
though  I  think  that  is  a  very  skillful  and  very  ingenious  method 
of  repairing — but  I  take  such  a  sheet  out  and  condemn  it,  be- 
cause I  know  that  the  material  of  the  plate  is  worthless.  I  do 
not  believe  any  cracks  have  ever  occurred,  even  where  the  sheet 
is  simply  punched,  where  the  material  was  of  the  right  sort, 
and  with  the  kind  of  steel  that  we  can  get  for  boilers  in  the 
United  States,  there  is  no  excuse  for  it.  It  may  be  different  in 
France. 

Mr.  Urnning. — I  was  talking  of  Otis  steel,  which  I  believe  is 
pretty  good. 

Colond  Meier. — I  think  that  is  a  grave  mistake  to  buy  steel  of 
any  kind  by  the  brand.  It  should  be  bought  from  specifications, 
and  subject  to  careful  tests.  I  know  that  unless  you  test  your 
steel,  not  only  physically  but  chemically,  you   are  never  sure 
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of  what  3'ou   are  getting,    no   matter   what   brand    is    stamped 
on  it. 

Mr.  2/cB/'ide. — I  was  obliged  to  tlirow  away  one  set  of  fire 
boxes,  and  thej  were  made  of  Otis  steeh 

Mr  Barnah;/. — I  Avould  like  to  ask  Mr.  Baker  a  question.  He 
says  that  according  to  late  and  good  ]3ractice,  butt  joints  are 
used  with  covering  plates.  He  did  not  just  say  so,  but  coming 
in  connection  with  the  discussion  of  the  effects  of  fire  on  rivets 
and  lap,  I  take  it  that  he  means  that  they  are  used  on  the  fire 
surface  of  boilers.  I  would  like  to  ask  if  he  knows  of  any  case 
in  good  practice  where  a  butt  joint,  with  inside  and  outside  cov- 
ering strips,  was  placed  next  to  the  fire,  or  even  a  double-rivetted 
lap  joint.  We  had  one  specification  that  called  for  a  double- 
rivetted  girth  seam  on  an  externall}'  fine  boiler,  but  the  specifi- 
cations also  called  for  Hartford  insurance.  So  we  submitted  it 
to  them,  and  they  instructed  us  to  notify  the  purchaser  that 
they  would  refuse  to  insure  the  boiler  if  it  was  made  with  a 
double-rivetted  girth  seam. 

Mr.  F.  W.  Dean. — I  am  very  glad  to  see  a  paper  on  this  sub- 
ject brought  before  the  Society,  because  it  is  time  to  check  an 
evil  which  has  existed  for  many  years,  and  which  seems  to  be 
spreading.  It  is  one  of  the  functions  of  the  American  Society • 
of  Mechanical  Engineers  to  check  erroneous  ideas  and  dissemi- 
nate correct  ones,  and  therefore  it  should  be  emphatic  on  this 
subject. 

In  my  discussion  of  this  paper  I  shall  chiefly  quote  a  por- 
tion of  a  former  paper  of  mine  on  this  subject  before  another 
society. 

In  the  case  of  water  tube-boilers  nobody  thinks  of  calling  the 
inside  of  a  tube  the  heating  surface.  The  practice  with  this 
type  of  boiler  is  correct,  and  the  discussion  is  not  a  criticism  of 
the  makers  and  users  of  them. 

In  deciding  which  surface  shall  be  employed,  it  is  necessary 
to  consider  what  heating  surface  really  is.  I  define  it  as  the 
surface,  of  whatever  kind,  in  contact  with  the  source  of  heat, 
and  by  source  of  heat  I  mean  the  hot  gases  evolved  by  the  process 
of  combustion.  The  tubes  are  a  necessary  medium  between  the 
gases  and  the  water,  and  it  is  they  which  extract  the  heat  from 
the  source,  and  merely  transfer  it  in  a  more  or  less  perfect  man- 
ner to  the  water.  They  represent  the  water,  so  to  speak.  For 
this  reason,  viz.,  that  their  fire  side  takes  the   heat  from  the 
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source,  their  fire  side,  or  inside  in  fire-tube  boilers,  should  be 
used  in  computing  heat  surface. 

In  considering  this  matter,  if  the  tubes  stored  up  heat  from 
the  gases  and  then  gave  it  off  to  the  water,  there  might  be  an 
argument  in  favor  of  the  outside  surface.  The  capacity  of  a 
tube,  however,  to  give  its  heat  to  the  water  is  so  enormous  and 
so  far  in  excess  of  its  power  to  take  heat  from  the  source,  that, 
as  is  well  known,  its  own  temperature  is  about  that  of  the  water. 
This  is  very  clearly  shown  by  the  behavior  of  the  Serve  inter- 
nally-ribbed tube,  for  so  perfectly  does  this  tube  give  up  its  heat 
to  the  water  that  the  ribs  suffer  no  harm  from  overheating. 

A  further  consideration  of  the  Serve  tube  will  assist  in  mak- 
ing this  matter  clear.  This  design  adds  to  the  fire  surface  of 
the  tube,  and  not  to  the  water  surface.  If  the  w^ater  surface  be 
considered,  a  l^oiler  fitted  with  Serve  tubes  is  rated  only  equal 
to  one  with  plain  tubes,  and  yet  it  has  the  capacity  of  a  boiler 
of  much  greater  heating  surface.  By  using  the  fire  surface,  the 
Serve  tube  is  credited  with  what  in  effect  it  possesses,  viz., 
greater  heating  surface  than  the  plain  tube. 

Consider  also  the  plain  tube  pushed  to  an  extreme  thinness. 
The  thinner  the  tube  is,  the  better  will  it  perform  its  function. 
If  it  could  be  made  infinitely  thin,  a  boiler  possessing  it  would 
have  its  best  qualities,  and  equal  to  those  of  a  boiler  with  a 
greater  number  of  thicker  tubes. 

The  boiler  with  the  infinitely  thin  tubes  would  have  its  inside 
and  outside  surfaces  coincident,  and  would  therefore  have  its 
heating  surface  equal  to  the  inside  surface  of  the  tubes. 

If,  now,  the  outside  surfaces  of  tubes  constitute  boiler  heating 
surface,  this  surface  can  be  augmented  by  increasing  the  thick- 
ness of  tiibes.  This  is,  however,  a  means  of  retarding  the 
flow  of  heat  through  the  metal  of  the  tube,  and,  therefore,  of 
virtually  decreasing  the  heating  surface  instead  of  increas- 
ing it. 

These  arguments  clearly  show  to  the  writer  that  the  outside 
surface  is  a  misrepresentation  of  the  heating  surface  with  fire 
tubes,  and  that  the  thicker  the  tube  the  greater  the  misrepre- 
sentation becomes. 

William  11.  7?/7/«».— While  some  of  us  may  not  agree  alto- 
gether with  Mr.  Baker  in  designating  heating  surface  as  the 
most  important  characteristic  of  a  steam  boiler,  we  will  neverthe- 
less admit  that  it  is  of  suflicient  importance  to  make  it  essential 
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that  we  define  and  measure  it  correctly.  Mr.  Baker  lias  done 
the  profession  an  excellent  service  in  calling  attention  so  clearly 
to  the  essential  differences  between  the  work  done  by  the  fire 
and  water  sides  of  boiler  tubes.  I  presume  that  most  engineers 
have — like  myself — given  the  matter  very  little  thought,  and 
have  jumped  at  the  conclusion  that  the  square  foot  of  surface 
on  the  Avater  side  which  transferred  the  heat  from  the  tubes  to 
the  water,  was  quite  as  much  entitled  to  be  called  heating  sur- 
face as  the  square  foot  on  the  fire  side,  which  absorbed  the 
heat  from  the  furnace  gases.  If  we  had  stopped  to  think, 
however,  we  would  have  recalled  the  gain  which  is  made  in 
ordinary  steam  or  hot  water  radiators  by  simply  extending 
the  surface  by  means  of  pins  or  other  projections,  and  we 
would  also  have  remembered  the  improved  results  which  are 
secured  by  the  use  of  the  Serve  extended  boiler  tubes  and  sj^iral 
retarders. 

In  view  of  the  very  clear  presentation  of  this  matter  which 
has  been  made  by  Mr.  Baker,  it  would  seem  wise  to  suggest  that 
the  Committee  on  the  Revision  of  the  Code  for  Boiler  Trials 
amend  their  report  in  this  respect. 

Mr.  Baker  has  also  done  well  to  emphasize  some  other  facts 
with  which  most  engineers  as  a  rule  are  not  familiar.  One  is 
that  the  metal  plate,  if  clean,  can  only  be  a  few  degrees  warmer 
than  the  water  iu  contact  with  it.  Another  is  that  the  principal 
resistance  to  the  absorption  of  heat  by  water  is  its  passage  from 
the  gases  into  the  metallic  plate.  Still  another  is  the  fact  of  the 
relative  unimportance  of  scale  iu  detracting  from  the  boiler's 
efficiency,  and  the  very  serious  importance  of  soot  in  lowering 
boiler  efficiency. 

I  cannot  agree  with  Mr.  Baker,  however,  in  his  views  as  to 
the  importance  of  good  circulation  iu  a  steam  boiler.  The  fact 
that  the  more  rapidly  the  water  passes  over  a  square  foot  of 
heating  surface  the  more  heat  will  be  given  off  by  that  area, 
does  not  seem  to  me  to  be  open  to  argument.  My  own  experi- 
ence in  making  boiler  trials  indicates  that  those  boilers  in  which 
the  circulation  is  most  sluggish  invariably  require  more  heat- 
ing surface  per  horse-power. 

It  is  refreshing  to  read  Mr.  Baker's  frank  admission  that  there 
is  no  fixed  heat-transmitting  value  for  heating  surface,  and  that 
one  square  foot  in  one  type  of  boiler  may  do  twice  the  work  of 
the  same  area  in  another. 
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2Ir.  Balerr — I  believe  it  may  conduce  to  sound  ideas  upon 
the  subject  under  discussion  if  we  come  back  to  the  statement 
of  some  elementary  facts.  In  my  original  paj^er  I  have  simply 
stated  that  given  a  clean  heating  surface,  of  ordinary  thickness, 
with  "water  in  contact  with  one  side,  and  the  other  exposed  to 
hot  gases,  the  temperature  of  the  plate  will  be  very  little  higher 
than  the  temperature  of  the  water. 

If  the  heating  surface  on  the  water  side  is  not  clean,  so  that 
the  heat  has  to  pass  through  scale,  mineral  incrustation  or  a 
coating  of  grease  (all  of  them  poor  heat  conductors  as  compared 
with  iron),  then  unquestionably,  the  temperature  of  the  plate 
wull  be  raised  more  or  less,  according  to  the  extent  to  which  the 
flow  of  heat  is  obstructed.  Again,  if  the  steam  cannot  freely 
pass  away  from  the  surface  as  fast  as  it  is  generated,  and  if  it 
accumulates  so  that  steam  instead  of  water  is  in  contact  Avith 
the  surface  of  the  phite,  then  the  temperature  of  the  plate  will 
rapidly  rise.  Still  again,  if  there  is  a  double  thickness  of  metal 
for  the  heat  to  pass  through,  as  at  the  lap  of  a  rivetted  joint,  the 
flow  of  heat  is  obstructed  more  or  less  at  the  joint  between  the 
two  plates,  just  as  the  flow  of  electricity  is  obstructed  by  similar 
joints,  and  we  shall  have  an  increased  temperature  of  the  plate 
on  the  fire  side.  Unquestionably  any  of  these  conditions  may 
become  so  bad  as  to  cause  the  plate  to  assume  a  temperature 
far  above  that  of  the  water  in  the  boiler.  But,  on  the  other 
Land,  it  is  one  of  the  purposes  of  this  paper  to  point  out  that 
a  moderate  obstruction  to  the  transmission  of  heat  from  the 
plate  to  the  Avater  has  little  efi"ect  on  the  capacity  or  economy 
of  the  boiler.  Figures  may  make  this  more  clear.  Suppose 
with  clean  heating  surface  and  a  free  escape  for  the  steam,  the 
temperature  is  as  follows  :  Water,  300  degrees ;  fire  side  of 
plate,  320  degrees  ;  hot  gases  passing  over  plate,  1,000  degrees ; 
difference  between  gases  and  plate,  680  degrees.  Suppose,  now, 
that  either  the  presence  of  considerable  scale  or  a  film  of  oil, 
or  interference  with  the  escape  of  the  steam  bubbles  causes  the 
temperature  of  the  fire  side  of  the  plate  to  rise  to  370  degrees. 
The  difference  in  temperature  between  the  fire  side  of  the  plate 
and  the  hot  gases  will  then  be  630  degrees,  or  only  about  seven 
per  cent,  less  than  in  the  former  case.  Of  course  these  figures 
are   merely  rough  estimates  of  the  actual  temperatures,  but  it 

♦Author's  Closure,  under  the  Rules. 
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will  also  be  seen  that  they  might  vary  between  wide  limits 
without  allecting  the  substantial  accuracy  of  the  conclusions 
reached. 

If  this  simple  statement  is  carefully  followed  and  thoroughly 
understood,  I  believe  that  the  correctness  of  my  suggestion, 
that  circulation  in  the  boilers  is  less  important  than  has  been 
sometimes  claimed,  Avill  be  conceded.  It  may  be  well  to  point 
out,  however,  that  the  illustrations  brought  forward  to  prove 
the  value  of  circulation  are  not  admissible.  In  the  case  of  the 
blacksmith's  cooling  the  red-hot  iron  in  w^ater,  we  have  so  great 
a  difference  of  temperature  between  the  iron  and  the  water  that 
a  film  of  steam  is  formed  between  the  two,  if  the  iron  is  held 
still.  In  steam  boilers,  however,  no  such  great  differences  of 
temperature  occur  between  the  iron  and  the  water.  The  bub- 
bles of  steam  tear  themselves  loose  as  soon  as  they  are  formed, 
and  water  rushes  in  to  take  their  place.  Mr.  Suplee  has  in- 
stanced the  stirring  of  water  in  the  determination  of  specific 
heats,  etc.  This  illustration  is  also  not  apropos,  for  the  water 
in  all  such  cases  is  below  the  boiling  temperature. 

It  is  common  knowledge  that  the  greatest  temperature  strains 
in  boilers  occur  when  steam  is  being  raised.  Before  the  steam 
bubbles  begin  to  form,  circulation  is  very  slow,  and  although 
water  is  in  contact  with  all  heating  surfaces,  the  w^ater  in  some 
j)arts  of  the  boiler  gets  much  hotter  than  that  in  other  parts, 
causing  corresponding  variations  in  the  temperature  of  the 
plates  in  different  parts  of  the  boiler.  When  once  steam  is 
raised,  however,  the  evidence  of  temperature  strains  disappear. 
The  steam  bubbles  keep  the  water  in  constant  circulation,  so 
that  it  is  at  the  same  temperature  in  all  parts  of  the  boiler. 
The  fact  that  evidence  of  temperature  strains  in  a  boiler  dis- 
appear as  soon  as  steam  is  raised,  seems  to  be  good  evidence 
that  the  plates  in  those  parts  where  the  fire  is  hottest  are  at 
not  much  higher  temperature  than  in  those  parts  which  are 
not  exposed  to  the  fire  at  all. 

Concerning  the  temperature  of  rivet-heads,  it  should  be  noted 
that  the  heat  absorbed  by  the  whole  area  of  the  head  has  to  be 
transmitted  through  the  shank,  of  much  smaller  section.  It 
may  be  of  interest  to  solve  an  example  to  see  what  will  be  the 
actual  difference  in  temperature  of  the  surfaces  of  the  opposite 
heads  of  an  ordinary  boiler  rivet.  Suppose  we  have  a  ^-inch 
rivet  uniting  two  |-inch  plates.     The  average  distance  between 
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the  surfaces  of  the  two  heads  may  be  taken  as  about  2  inches. 
The  area  of  one  head  exposed  to  the  lire  is  approximately  2i 
square  inches.  The  cross-section  of  the  shank  is  0.44  square 
inches.  If  we  assume  that  the  heat  transmission  throui^h 
the  plates  in  the  vicinity  of  the  rivet  is  at  the  rate  of  2,900 
Britisli  thermal  units  per  square  foot  per  hour,  we  have  (using 
the  coefficient  of  conductivity  of  iron  already  given  in  the  paper.) 

Difference  of  temperature  (number  of  heat  units  taken  up 
from  hot  gases  per  square  foot  per  hour  -^  473)  multiplied  by 
thickness  of  plate  in  inches,  multiplied  by  (quotient  of  area  of 
rivet-head  divided  by  cross-section  of  shank). 

Or,  using  the  figures  already  found : 

2900     ^   ,    2Jr        _„  , 

-p,^  4-  2  +  — fj  =  70  nearly. 
4^3  0.44  -^ 

In  other  words,  whatever  the  temperature  of  the  water  side  of 
such  a  rivet  may  be,  its  side  exposed  to  a  fire  of  the  intensity 
assumed,  will  be  70  degrees  hotter.  The  above  computation 
leaves  out  of  account  the  conductivity  of  the  plates  be- 
tween the  rivet-heads,  and  also  some  other  elements  which 
would  tend  to  decrease  the  difference  of  temperature  just  found. 

Mr.  Bird's  assertion  that  a  thin  film  of  gas  of  low  temperature 
is  always  to  be  found  next  the  fire  surface  of  a  boiler  tube  is 
confirmed  by  my  own  observations.  Where  the  gases  impinge 
against  any  part  of  the  heating  surface,  this  film  is  removed  as 
fast  as  formed,  and  the  result  is  a  great  increase  in  the  rate  of 
heat  transmission, 

Mr.  Dean's  excellent  discussion  has  evidently  been  prepared 
with  fire-tube  boilers  only  in  mind.  In  the  case  of  water-tube 
boilers,  if  Ave  suppose  a  given  interior  diameter  for  the  tube,  it 
is  not  true  that  the  thinnest  tubes  would  have  the  greatest  heat- 
absorlnng  power.  On  tlie  contrary,  if  we  compare  two  water- 
tube  boilers  having  tubes  of  the  same  internal  diameter,  but 
different  thickness,  the  one  Avith  the  thicker  tubes  Avould  have 
the  greater  heating  surface  and  capacity. 

Some  comparisons  have  been  made  in  the  discussion  between 
the  heating  surfaces  of  boilers  and  those  of  condensers,  steam 
radiators,  etc.  It  should  be  carefully  kept  in  mind  that  the 
conditions  are  quite  different  where  a  metal  surface  is  inter- 
posed between  two  gases  of  different  temperatures.  Here  the 
temperature  of  the  metal  will  be  somewhere  near  a  mean  be- 
39 
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tween  the  terajDeratures  of  the  two  gases,  but  will  tend  toward 
the  temperature  of  the  oue  which  has  the  greatest  heat  traiis- 
missive  power. 

In  conclusion,  since  none  of  those  taking  part  of  the  discus- 
sion have  expressed  any  doubt  of  the  writer's  principal  propo- 
sition, that  the  surface  exposed  to  the  fire  is  the  actual  heating 
surface  of  a  steam  bniler,  it  is  to  be  hoped  that  this  may  be 
adopted  as  standard  practice  by  the  Society,  in  accordance  with 
the  suggestion  of  Mr.  Bryan. 
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DCCLXXVI.* 
EXPERIMENTS   OX  CAST  IRON  CYLIXDERS. 

BY    C.    11.    BENJAMIN,    CLEVELAND,    OHIO. 

(Member  of  the  Society.) 

For  several  years  past  the  writer  has  been  conducting  a  series 
of  experiments  to  determine  the  bursting  strength  of  cast  iron 
cylinders  under  water  pressure.  In  this  connection  he  wishes 
to  express  his  acknowledgments  to  Messrs.  Clifford,  Hale,  Allen 
and  Wright,  who  at  different  times  carried  out  the  experiments, 
and  by  their  patient  and  careful  work  made  it  possible  to  pre- 
sent these  results  to  the  public. 

The  cylinders  used  were  cast  by  the  Taylor  &  Boggis  Foundry 
Co.  of  Cleveland,  from  a  special  foundry  mixture,  such  as  they 
ordinarily  use  for  water  and  steam  cylinders.  The  metal 
showed  a  fine  gray  fracture  and  a  surface  close  and  free  from 
holes.  The  cylinders  were  cast  on  end  and  without  the  use  of 
chaplets  for  the  cores. 

Test  pieces  cast  from  the  same  iron  showed  a  tensile  strength 
of  about  24,000  pounds  per  square  inch,  and  a  modulus  of  rupt- 
ure of  about  35,000  pounds  under  a  transverse  load. 

It  may  be  noted,  however,  that  the  first  three  cylinders  tested 
(a,  h,  and  o  in  Table  I)  Ave  re  of  common  foundry  iron,  having  a 
tensile  strength  of  about  18,000  pounds. 

The  cylinders  were  of  three  sizes,  six,  nine,  and  twelve  inches 
internal  diameter,  and  of  lengths  approximately  twice  the 
diameters. 

The  flanges  and  heads  were  made  of  extra  thickness,  that  the 
rupture  might  always  occur  in  the  shell  of  the  cylinder.  Fig.  146, 
and  Table  I,  show  the  proportions  and  dimensions  of  the  various 
cylinders  tested. 

The  cylinders  are  arranged  in  the  table  in  the  order  in  which 
they  were  tested.     Those    marked  a  to  /  were  broken  in  the 


*  Presented  at  the  Niagara  Falls  meeting  (June,  1898),  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the 
Transactions. 
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TABLE  I. 
Dimensions  of  Cylinders.     (See  Fig.  146.) 


No. 

A 

B 

C 

D          E 

Depth 
Counter- 
bore. 

G 

H 

I 

K 

No.  of  Bolts 
in  each  Head. 

a 

12.16 

26.05 

.70 

16.25    ... 

1.07 

1.12 

1.0 

24 

b 

0.16 

17.95 

.60 

13.06    ... 

1.09 

.70 

1.0 

16 

c 

6.09 

12.19 

.50 

10.05    ... 

1.12 

.70 

1.0 

8 

d 

12.45 

'iQ  5 

.56 

16.2113.25 

.12 

1.75 

1.35 

1.5 

24 

e 

9.12 

19.0 

.61 

12  9610.08 

.11 

1  5 

1.25 

1.25 

16 

f 

6.12 

13.0 

.65 

10.021  7.08 

.11 

1.25 

1.00 

1.25 

, 

8 

1 

9.58 

181 

.402 

13.3310  83 

i 

m 

n 

1# 

llf 

16 

2 

9.375 

18J 

.573 

13.13  10.63 

i 

lU 

u 

n 

m 

16 

3 

9.13 

184 

.590 

12.8810.38 

i 

m 

H 

n 

lu 

16 

4 

12.53 

25^ 

.571 

16.4    13.34 

i 

1.34 

u 

i^ 

m 

24 

5 

12.53 

25^ 

.531 

16.56  13.56 

i 

1.34 

lA- 

n 

m 

24 

6 

12.16 

251 

.93 

16.22  13.41 

i 

1.18 

H 

n 

14J 

24 

Note. — The  rough  dimensions  in  this  Table  are  averages  from  a  number  of  measurements.- 

winters  of  1895-6,  and  tlie  remaining  six  during  the  succeeding 
winter. 

The  cylinders  were  bored  in  such  a  way  as  to  insure  a  practi- 


Fig.  146. 


cally  uniform  thickness  in  each  shell,  and  the  flanges  were  faced 
and  counterbored.  Steel  bolts,  having  a  tensile  strength  of  about 
80,000  pounds  per  square  inch,  were  used  to  fasten  on  the  heads, 
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in  such  numbers  as  to  give  an  excess  of  strength  and  to  prevent 
leakage. 

The  arrangement  of  the  apparatus  for  testing  is  shown  in 
Fig.  147.  A  single-acting  plunger  pump,  with  a  plunger  seven- 
eighths  of  an  inch  in  diameter,  was  used  for  raising  the  pressure, 
being  connected  to  the  head  of  the  cylinder  by  extra  heavy  iron 
pipe  with  bronze  fittings.  The  body  of  the  pump  and  the  gland 
were  of  bronze  and  the  plunger  of  machinery  steel.  For  pack- 
ing, washers  of  belt  leather  gave  as  good  results  as  anything 


Fig.   147. 

which  was  tried,  and  but  little  trouble  was  experienced  with  the 
pump  itself. 

It  was  found,  however,  almost  impossible  to  obtain  any  check 
valves  which  would  work  satisfactorily  at  the  higher  pressures. 
Numerous  types  of  valves  were  tried,  swing  check  and  drop 
check,  metallic  face  and  rubber  face,  but  they  all  leaked.  Either 
minute  particles  of  dirt  would  get  under  the  valves  or  the  slip 
would  be  so  great  as  to  forbid  increase  of  pressure  beyond  a 
certain  point. 

Following  the  old  adage,  "  In  a  multitude  of  counsellors  there 
is  safety,"  we  finally  overcame  the  difiiculty  in  a  measure  by 
using  two  valves  on  each  side  of  the  pump,  as  shown  in  Fig. 

147. 

To  determine  the  pressure  we  used  a  Crosby  hydrostatic 
gauge,  graduated  to  2,000  pounds,  located  on  the  pipe  close  to 
the  cylinder.     An  attempt  was  made  to  use  a  Bristol  recording 
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craiicfe,  locatod  on  tlie  cylinder  head,  l)nt  the  iar  of  the  final  run- 
ture  blotted  out  all  records  on  the  dial. 

Before  testing,  each  cylinder  was  calipered  inside  at  six  differ- 
ent points,  three  measurements  being  taken  in  each  of  two 
meridian  planes  at  right  angles  to  each  other.  Gauges,  con- 
sisting of  hard  wood  sticks,  slightly  pointed  at  the  ends,  were 
fitted  one  at  each  point,  and  then  numbered  to  correspond. 

After  the  rupture  of  the  cylinder,  the  increase  in  diameter 
was  measured  by  using  the  same  gauges,  inserting  pieces  of 
hard  calendered  paper  between  the  ends  of  the  ganges  and  the 
shell,  and  then  measuring  the  thickness  of  the  paper  with  a 
micrometer  caliper. 

The  deformations  as  thus  measured  wera  very  slight,  ranging 
from  .004  to  .012  inch,  but  no  law  conld  be  determined. 

Each  cylinder  was  carefully  examined  for  flaws  of  any  descrip- 
tion. If  any  small  blow-holes  were  found  they  were  filled  with 
lead  or  tin  hammered  in,  and  then  the  surface  Avas  covered  with 
a  coating  of  paraffine.  The  cylinders  were  as  free  from  flaws  as 
could  be  expected. 

Of  all  the  difficulties  encountered  tbe  most  serious  was  that 
of  finding  any  satisfactory  packing  for  the  heads  of  the  cylinders. 
We  tried  successively  brass  wire  gauze  filled  with  soap,  cop- 
per wire,  lead  wire,  soft  rubber  with  graphite,  and  vulcanized 
rubber. 

The  metal  gaskets  all  failed  on  account  of  their  lack  of  elas- 
ticity. Although  tight  at  the  lower  pressures,  being  compressed 
by  the  bolts  until  the  soft  metal  was  squeezed  into  every  irregu- 
larity of  the  cast  iron  surface,  they  failed  to  respond  when  the 
bolts  were  stretched  by  the  water  pressure,  and  the  water  would 
run  through  in  streams. 

This  fact  is  interesting  as  showing  that  the  initial  tension 
caused  by  screwing  up  the  nuts  has  no  effect  on  the  tension 
under  pressure  when  a  non-elastic  gasket  is  used.* 

The  tensile  strength  of  the  bolts  used  in  these  experiments 
was  much  in  excess  of  the  strength  of  the  cylinder,  and  yet, 
under  the  comparatively  low  pressure  of  400  pounds  to  600 
pounds  per  square  inch,  the  bolts  stretched  enough  to  practi- 
cally relieve  the  reaction  of  the  gasket.  The  elastic  rubber  gas- 
kets failed  principally  on  account  of  weakness,  usually  blowing 
out  as  the  pressure  was  increased.  Vulcanizing  by  heat  made 
*See  Unwin's  Machine  Design,  vol.  i.,  p.  153. 
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them  stronger  but  less  elastic.  Acting  on  the  suggestion  of  Mr. 
Caldwell,  of  the  Worthington  Hydraulic  Company,  member  of 
the  Society,  we  then  counterbored  the  cylinders  to  a  depth  of 
about  one-eighth  of  an  inch,  as  shown  in  Fig.  146  ;  fitted  a  circu- 
lar projection  on  the  head  closely  to  the  counterbore,  and  intro- 
duced at  Jf  a  gasket  made  of  straw-board  soaked  in  boiled  lin- 
seed oil.  The  straw-board  was  cut  to  fit  the  counterbore, 
thoroughly  saturated  with  the  oil,  and  then  allowed  to  stand 
several  hours  before  being  put  in  position. 

Allowing  the  gasket  to  harden  for  twenty-four  hours  after 
screwing  down  and  before  putting  on  the  water  pressure  is  an 
additional  safeguard. 

It  is  probable  that  the  counterbore  had  as  much  to  do  with 
the  success  of  this  method  as  the  material  used  for  packing,  but 
the  gasket  must  be  elastic  to  insure  tightness.  In  one  or  two 
instances  where  the  projection  on  the  head  was  of  slightly  less 
diameter  than  the  counterbore,  the  packing  blew  out. 

Another  serious  difficulty  w^as  encountered  in  the  jn-esence  of 
minute  blow-holes  in  the  shell  of  the  cylinder.  Some  of  these 
were  almost  invisible  to  the  naked  eye,  but  as  the  pressure  rose 
the  water  would  spurt  in  slender  streams  to  a  distance  of  several 
feet,  in  such  quantity  as  to  render  further  increase  of  pressure 
impossible.  The  only  remedy  in  such  cases  was  to  peen  the 
interior  surface  slightly  with  a  round  hammer  and  then  coat  it 
with  paraffine.  Even  then  the  water  would  ooze  from  the  iron 
at  every  pore  as  if  it  were  in  a  violent  perspiration. 

Before  beginning  each  experiment  the  air  was  forced  out  of 
the  cylinder  through  a  small  vent  at  the  top.  The  pressure 
was  then  gradually  applied  until  rupture  occurred.  It  was 
found  impracticalile  to  make  any  measurements  of  the  exterior 
diameter  during  the  test,  the  changes  being  so  very  minute. 

The  following  is  an  abbreviated  log  of  the  experiments  : 

Cylinder  (a). — Wire  gauze  packing;  leaked  at  400  pounds. 
Substituted  copper  wire  No.  22,  A.  W.  G.  ;  this  leaked  at  600 
pounds.  Substituted  soft  rubber  gasket;  pressure  carried  to 
800  pounds  several  times.  Leak  at  blow-hole  stop])ed  by  peen- 
ing.  On  raising  pressure  to  7  ('5  pounds  cylinder  failed  on  a 
circumference  just  below  the  upper  flange,  the  crack  starting  at 
blowdiole  and  running  each  way  about  t»0  degrees. 

Cylinder  (/j).— Gasket  of  lead  fuse  wire  .f^-inch  diameter  with 
ends  fused  together.     Leakage  at  pressure  of  450  pounds,  and 
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the  flange  cracked.  Substituted  rubber  and  graphite  pack- 
ing ;  leak  at  crack  with  pressure  of  600  pounds ;  no  further 
rujiture. 

Cylinder  (c). — Kubber  and  graphite  packing  inserted,  heated  to 
250  degrees  Fahr.  by  live  steam  ;  bolts  screwed  down  and  pack- 
ing left  one  day  to  harden.  Leaked  badly  at  600  pounds; 
renewed  packing,  but  it  leaked  again  at  550  pounds.  Flanges 
showed  signs  of  failure,  and  experiment  was  abandoned. 

Ci/Iinder  (d). — Counterbored  joint,  with  gasket  of  straw-board 
soaked  in  linseed  oil.  Leakage  at  blow-holes  with  700  pounds 
pressure.  Blow-holes  peened  and  coated  with  parafiine,  when 
pressure  was  raised  to  800  pounds  several  times.  One  blow- 
hole calked  on  outside  ;  on  applying  pressure  of  700  pounds 
rupture  occurred  on  longitudinal  line  through  blovv'-hole.  (See 
Fig.  148.)     Several  small  blow-holes  found  in  line  of  fracture. 

Cylinder  (e). — (On  this  and  all  subsequent  cylinders  the  counter- 
bore  and  straw-board  gasket  were  used.)  Pressure  raised  grad- 
iially  to  l,o25  pounds,  when  rupture  occurred  on  circumference 
under  flange.  (See  Fig.  149.)  The  crack  began  at  point  marked 
X  in  figure,  where  there  were  several  small  blow-holes. 

Cylinrler  if). — Pressure  raised  gradually  to  about  2,500  pounds 
(above  graduation  of  gauge\  when  cylinder  failed  in  same  man- 
ner as  preceding  one  ;  cylinder  leaking  badly  at  time  of  rupture. 

Cylinder  No.  1. — Broke  at  600  pounds  on  a  longitudinal  line 
along  a  row  of  blow-holes,  the  crack  starting  at  the  mark  X  in 
cut.    (See  Fig.  150.) 

Cylinder  Xo.  2. — Broke  at  1,050  pounds  around  a  circumfer- 
ence just  under  flange,  the  crack  beginning  at  point  marked  x 
in  cut.     (See  Fig.  151. )     Fracture  very  clean. 

Cylinder  No.  3. — Broke  at  975  pounds  in  the  same  manner  as 
No.  2,  the  crack  beginning  at  the  point  marked  x  in  Fig.  152, 
where  there  was  a  slight  flaw.  Fracture  clean,  as  shown  in  the 
figure. 

i  Cylinder  No.  4. — A  number  of  small  blow-holes  near  the  centre 
of  shell  (shown  by  arrow  in  Fig.  153)  caused  considerable  trouble 
by  leakage,  and  had  to  be  calked  inside  and  out.  Eupture 
finally  occurred  at  700  pounds  pressure  along  a  longitudinal 
line,  as  shown  in  the  figure. 

Cylinder  No.  5. — Rupture  occurred  at  875  pounds,  a  crack 
starting  under  the  flange,  running  part  way  around  and  then  up 
throu^rh  flancre  and  head. 
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Fig.  152. 


EXPERIMENTS    ON    CAST    IRON    CYLINDERS. 


QOb. 


Cylinder  No.  6. — At  475  pounds  pressure  the  bottom  head 
broke,  as  shown  in  Fig.  154.  On  renewing  this  and  raising  pres- 
sure to  900  pounds,  the  top  head  failed  in  the  same  manner. 
These  heads  had  been  used  for  several  cylinders,  and  were 
probably  weakened.  The  test  was  abandoned  at  this  point  for 
lack  of  time. 

Great  pains  were  taken  in  casting  these  cylinders,  and  they 
may  be  considered  good  examples  of  cast  iron  cylinders  as  made 
for  engine  or  pump  work.    The  blow-holes  mentioned  were  most 


Fig.  153. 


of  them  very  minute,  and  under  ordinary  circumstances  would 
have  remained  iinnoticed. 

Before  summarizing  the  results  of  these  experiments  we  will 
notice   some    of   the    formulas  which  have    been    proposed    for 
steam  engine  cylinders  of  cast  iron. 
Let  d  =  diameter  of  bore  in  inches. 

p  =  pressure  in  pounds  per  square  inch. 
t  =  thickness  of  shell  in  inches. 
J?  =  tensile  strength  in  pounds  per  square  inch. 
The  ordinary  formulas  for  thin  shells  are  : 
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For  stress  arouud  circumference 


_pj 


'2t 


For  stress  along  element  of  cylinder  : 


Van  Buren's  formula  for  steam  cylinders  is  : 
'^. 0001  pel +  . 15  Vd    .     , 


.     .  (1) 


.   (2) 
.  (3) 


Fig.  154. 

A  formula  which  the  writer  has  developed  in  his  "  Notes  on 
Machine  Design"  is  somewhat  similar  to  Van  Buren's. 

Let  s'  =  tangential  stress  due  to  internal  pressure ;  then  by 
equation 

(1) '=2f 

Let  s"  be  an  additional  tensile  stress  due  to  distortion  of  the 
circular  section  at  any  weak  point. 

Then  if  we  regard  one-half  of  the  circular  section  as  a  beam 

*See  Wliitliam's  Stecwi  Engine  Design,  p.  27. 
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fixed  at  A  and  B  (Fig.  155),  and  assume  the  maximum  bending 
moment  as  at  C,  some  weak  point,  the  tensile  stress  on  the  outer 

fibres  at  C  due  to  the  bending  will  be  proportional  to'^^.,   by 

the  laws  of  flexure,  or : 

„       cp(P 
s    =^^-, 

where  c  is  some  unknown  constant. 

The  total  tensile  stress  at  C  will  then  be  : 

pd   ,   cpcP 


Solving  for  g  : 
Solving  for  t : 


^~     ''      U 


16.S" 


{a) 
(4) 


a  form  which  reduces  to  that  of  equation  (1)  when  c  =  o. 

An  examination  of  several  engine  cylinders  of  standard  manu- 
facture shows  values  of  c  ranging  from  .03  to  .10,  with  an  average 

value  : 

G  =  .06. 

The  formula  proposed  by  Professor  Barr,  in  his  recent  paper 
on  "  Current  Practice  in  Engine  Proportions,"  *  as  representing 


*  Transactions,  A.  S.  M.  E.,  vol.  xviii.,  p.  741. 
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the  average  practice  among  builders  of  low  speed  engines,  is  : 

t  =  .05(1  +  .3  inch (5) 

In  Table  II.  are  assembled  the  results  of  the  various  experi- 
ments for  comparison.  The  values  of  S  by  formula  (1)  are 
calculated  for  each  cylinder,  and  by  formula  (2)  for  all  those 
which  failed  on  a  circumference.  It  will  be  noticed  that  six  out 
of  nine  cylinders  failed  in  the  latter  way. 


TABLE  II. 


Diam. 

Pressure. 

Thick. 

Line  of 

Formulas  Used. 

No. 

Kemarks. 

Failure. 

a 

d 

P 

t 

«='S 

4t 

c  = 

a 

12.16 

800 

.70 

Circum. 

6,940 

3,470 

.046 

Strength  of  test  bar,  18, 000  lbs. 

d 

12.45 

700 

.56 

Longi. 

7,780 

.047 

Strength  of  test  bar,  24,000  lbs. 

e 

9.12 

1,325 

.61 

Circum. 

9,900 

4,950 

.048 

f 

6.12 

2,500 

.65 

Circum. 

11,81)0 

5,900 

.055 

1 

9.58  !      600 

.402 

Longi. 

7,150 

.049 

2 

9.375 

1,0.50 

..573 

Circum. 

8,590 

4,300 

•055 

3 

9.13 

975 

.596 

Circum. 

7,470 

3,740 

.072 

4 

12.. 53 

700 

.571 

Lougi. 

7,680 

.048 

5 

12.56 

875 

..531 

Circum. 

10,350 

,5,180 

.028 

Average  of  c  =  .05. 

This  appears  to  be  due  to  two  causes.  In  the  first  place,  the 
influence  of  the  flanges  extended  to  the  centre  of  the  cylinder, 
stifi^ening  the  shell  and  preventing  the  splitting  which  would 
otherwise  have  occurred. 

In  the  second  place,  the  fact  that  the  flanges  were  thicker 
than  the  shell  caused  a  zone  of  weakness  near  the  flange  due  to 
shrinkage  in  cooling,  and  the  presence  of  what  founders  call  "a 
Kot  spot." 

In  some  of  the  cylinders  this  was  quite  apparent,  the  metal 
being  porous  and  spongy  near  this  point.  It  was  found  impos- 
sible to  reduce  the  thickness  of  the  flanges  without  making 
them  too  weak  for  the  pressure   [notice  experiments  (h)  and  (c)]. 

This  would  indicate  the  desirability  of  making  flanges  of  the 
same  thickness  as  the  shell  and  reinforcing  them  by  brackets. 

It  will  also  be  noticed  that  the  stress  per  square  inch  by 
formula  (1)  is  only  about  one-third  the  tensile  strength  of  the 
material  as  shown  by  test  bar.  This  is  partly  due  to  the  effect 
of  distortion  or  bending  from  lack  of  uniformity  in  the  metal 
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and  its  thickness,  but  principally  due  to  the  presence  of  minute 
flaws  and  blow-holos.  This  is  only  another  illustration  of  the 
fact  that  the  strength  of  a  test  bar  is  no  index  of  the  strength 
of  a  casting. 

The  stresses  figured  from  formula  (2)  in  the  cases  where  the 
failure  was  on  a  circumference,  are  from  onc-lifth  to  one-sixth 
the  tensile  strength  of  the  test  bar. 

The  strength  of  a  chain  is  the  strength  of  the  weakest  link ; 
and  Avhen  the  tensile  stress  exceeded  the  strength  of  the  metal 
near  some  blow-liole  or  '*  hot  spot,"  tearing  began  there  and 
gradually  extended  around  the  circumference. 

Values  of  c  as  given  by  equation  (a)  have  been  calculated  for 
each  cylinder,  and  agree  very  well  except  in  numbers  3  and  5. 

To  the  criticism  that  most  of  the  cylinders  did  not. fail  by 
sjjlitting,  and  that  therefore  formulas  (<i)  and  ( 4)  are  not  applicable, 
the  answer  would  be  that  the  chances  of  failure  in  the  two  direc- 
tions seem  about  equal,  and  consequently  we  may  regard  each 
cylinder  as  about  to  fail  by  sj^litting  under  the  final  pressure. 

If  we  substitute  the  average  value  of  c  =  .05  and  a  safe  value 
of  6'  —  2,000,  formula  (4)  reduces  to  : 


j>^       ±^/  J^     ....    (6) 

8,000       200  ^   ^       1,600 


CONCLUSIONS. 

The  conclusions  which  might  fairly  be  drawn  from  these  ex- 
periments Avould  seem  to  be  : 

1.  That  cast  ii'ou  cylinders  of  the  form  ordinarily  used  for 
engines,  when  subjected  to  internal  pressure  are  quite  as  likely 
to  fail  by  tearing  on  a  circumference  as  b}'  splitting. 

2.  That  by  reason  of  local  Aveaknesses  and  distortions  the 
cylinder  may  fail  when  the  stress,  as  calculated  by  the  ordinary 
formula  for  thin  shells,  is  only  about  one-thii'd  of  the  strength 
shown  by  a  test  bar. 

3.  That  the  principal  cause  of  weakness  is  the  sponginess  of 
metal  due  to  uneven  cooling ;  that  to  insure  good  castings  the 
flanges  should  not  be  materially  thicker  than  the  shell;  the 
cylinders  should  be  cast  on  end,  and  suitable  risers  provided  for 
the  escape  of  dirt  and  gas  and  to  secure  uniform  cooling. 

4.  That  one  proof  test  will  give  more  information  than  a  deal 
of  computation. 
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DISCl'SSTON. 

Pvof.  Thomas  IF.  Graij. — The  (juestion  of  packing,  to  wliicli 
Professor  Benjamin  refers,  is  one  which  has  given  a  great  deal 
of  difficulty  to  other  experimenters.  I  may  say  that  one  very 
satisfactory  way  of  packing  a  cylinder  for  internal  pressure, 
which  applies  not  only  to  the  case  of  a  steam  engine  cylinder 
which  is  practically  roimd  and  smooth,  but  applies  also  to  one 
which  is  out  of  round,  is  to  place  inside  the  head  a  cup-leather 
made  of  sole  leather,  giving  sufficient  cupping  to  give  a  covering 
to  the  end  of  the  cylinder.  If  that  cup  of  leather  be  properly 
put  in,  it  becomes  tighter  the  higher  the  pressure.  The  cup- 
leather  will  hold  a  pressure  similar  to  that  used  in  Professor 
Benjamin's  experiments,  even  when  the  heads  are  held  by  bolts 
which  pass  from  end  to  end  of  the  cylinder,  instead  of  into  the 
flanges,  so  that  the  stretch  of  the  bolts  gives  a  considerable 
of)ening  at  the  end  after  the  pressure  is  put  on.  "We  have  a  per- 
fectly free  cylinder  with  a  tight  joint,  the  flexilnlity  of  the  leather 
being  such  that  no  increase  of  strength  is  produced  by  the 
packing.  I  only  suggest  this  as  a  means  of  overcoming  the 
difficulty.  I  believe  the  means  adopted  for  steam  engine  cylin- 
ders is  satisfactory.  My  idea  was  that  Mr.  Benjamin  wanted 
to  test  his  cylinders  under  ordinary  working  conditions.  There 
is  one  point  in  connection  with  the  breaking  of  the  flanges  that 
should  not  be  overlooked.  The  explanation  given  is  that  the 
flanges  break  off  because  of  unequal  stresses  in  the  material, 
due  to  cooling.  There  is,  however,  a  very  important  element 
in  regard  to  the  effect  of  end  pressures  when  we  bolt  the  bead 
to  a  flange,  and  that  is  the  cross-breaking  stress  that  is  brought 
upon  the  material  at  the  outside  in  the  neck  of  the  flange.  We 
are  apt  to  have  the  flange  crack  around  the  neck,  which,  of 
course,  gives  a  tendency  to  break  off  the  flange  in  tlie  first 
place  ;  but  just  the  direction  in  wliicli  that  crack  may  run  is 
pretty  much  a  matter  of  accident.  I  think  in  all  probability  a 
good  deal  of  the  trouble  coming  from  that  difficulty  would  be 
overcome  if  the  flanges  were  made  about  the  same  thickness  as 
the  cylinder,  properly  filleted  out  so  as  to  give  a  round  corner^ 
and  then  a  sufficient  number  of  thin  brackets  brought  down  as 
Professor  Benjamin  has  spoken  of.  I  think  that  would  be  very 
satisfactory  for  test  purposes,  but  a  great  ma.ny  steam  cylinders 
do  not  have  those  brackets. 
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3Ir.  II.  H.  Suplee. — I  tliiuk  one  point  which  Professor  Benja- 
min made  in  the  close  of  his  paper,  that  the  work  should  be 
tested  as  nearly  as  possible  under  the  conditions  of  use,  should 
call  attention  to  the  fact  that  these  are  really  short  sections  of 
pipe  and  do  not  represent  steam  entwine  cylinders  at  all.  If  the 
presence  of  the  slight  excess  of  metal  in  the  flange  effects  the 
result,  it  seems  to  me  that  the  presence  of  a  large  mass  of  iron, 
such  as  is  always  included  in  the  steam  chests  on  one  side, 
would  have  a  still  more  marked  eSfect.  If  you  take  up  the  loco- 
motive cylinders,  where  half  of  the  front  of  the  engine  is  cast 
in  one  piece  with  the  cylinder,  the  mere  pressure  within  does 
not  give  us  the  true  condition  of  affairs  at  all.  I  believe  also 
that  it  is  the  practice  in  locomotive  construction  to  make  the 
flanges  very  much  thicker  on  tlie  cylinder  for  the  purpose  of 
causing  any  break  which  may  take  place  due  to  water  or  a  nut 
coming  off,  to  occur  in  the  head,  the  place  where  it  is  most 
easily  rej^laced,  and  not  to  break  off  the  flange  from  the  cylinder 
and  destroy  the  whole  front  of  the  engine.  In  that  case,  of 
course,  the  question  of  bending  and  fracture,  as  shown,  for  in- 
stance, in  Fig.  151,  would  be  very  serious.  But  I  think  that  the 
presence  of  a  mass  of  metal  on  the  side  in  the  shape  of  a  steam 
chest  in  the  case  of  a  locomotive,  or  the  ports  and  valve  seats 
in  the  case  of  a  Corliss  cylinder,  is  such  as  almost  entirely  to 
change  the  conditions  and  make  these  tests  hardly  applicable 
to  the  conditions  of  a  working  engine. 

3Ir.  William  Kent. — Professor  Benjamin's  pajDer  is  a  valuable 
contribution  to  our  knowledge  of  the  subject  of  the  bursting 
strength  of  cast  iron  cylinders.  It  furnishes  new  confirmation 
of  the  law  that  "  it  is  the  unexpected  which  happens  "  when  we 
are  dealing  with  cast  iron.  Tlie  unexpected  result  in  this  case 
is  that  if  cast  iron,  which  in  a  test  bar  shows  a  tensile  strength 
of  24,000  pounds  per  square  inch,  be  cast  in  the  form  of  cylin- 
ders, which  are  bored  out  to  diameters  of  6  to  12^-  inches,  with 
thicknesses  from  0.40  to  0.65  inch,  they  will  burst  under  in- 
ternal pressures  which  correspond  to  tensile  stresses  of  from 
3,7-10  to  11,800  pounds  per  square  inch,  and  that  only  three  out 
of  eight  cylinders  will  break  in  the  way  they  would  be  expected 
to  break  ;  that  is,  by  longitudinal  splitting. 

While  Professor  Benjamin's  experiments  are  of  value  in  calling- 
attention  to  this  peculiarity  of  cast  iion  cylinders,  they  do  )iot 
seem  to  form  a  sufficient  basis  for  a  formula  for  dimensioning 
40 
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the  cylinders  of  steam  eugiues.  The  cylinders  he  tested  had  a 
maximum  diameter  of  12.5(5  inches,  ami  a  maximum  thickness 
of  0.65  inch.  It  is  scarcely  safe  to  predict  from  the  behavior  of 
these  cylinders  what  would  be  the  probable  strength  of  larger 
cylinders. 

I  f&il  to  see  a  good  reason  for  constructing  tlie  formula  (4)  in 
the  assumption  tliat  there  is  a  "  bending  movement  as  at  C, 
some  weak  point,"  and  for  the  derivation  of  the  average  value 
of  C  in  that  formula,  0.6,  from  a  range  of  0.3  to  0.10  obtained 
from  an  examination  of  several  engine  cylinders  of  standard 
manufactl^rers.  If  the  formula  itself  is  derived  from  a  logical 
basis,  it  would  seem  that  the  constant  C  should  b3  determined 
from  actual  bursting  tests  of  several  engine  cylinders  (not  mere 
examinations),  and  such  tests  it  does  not  aj^pear  that  Professor 
Benjamin  has  made. 

Let  us  apply  Professor  Benjamin's  formula  (Q)  to  the  case  of 
three  steam  engine  cylinders,  10,  30,  and  50  inches  diameter,  for 
a  pressure  of  100  pounds  per  square  inch. 

The  formula  is  : 


pd  d  p- 


8,000  200     V    '  1,600 

pd 
For  the  three  cvlinders  the  term is  resi^ectivelj 


8,000 
0.125,       0.375,     0.625  inches, 


and  the  term, 
d 


rj  +  — ,      0.515,       1.03,       2,575  inches; 

200    V    ^  1,600 

adding  we  have, 

t  =r  0.64,    1.405,        3.20  inches. 

Professor  Barr's  formula,  from  average  practice,  t  =  0.05'i  -r  0.3 
inch,  gives  : 

t  =  0.80  1.30  2.80. 

In  my  JlechaJiical  Engineers'  Pocket  Book,  p.  794,  the  thick- 
nesses of  these  three  cylinders,  calculated  from  the  average 
figures  given  by  eleven  different  published  formulas,  are  : 

t  =  0.76  1.48  2.26. 

My   approximate    formula,    made    to   fit   these    averages,    is 
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I  _  0.0004  Op  +  0.3  inch,  and  the  thicknesses  calculated  from 
this  formuhx  are  : 

t  =  0.70  1.50  2.80. 

Professor  Barr's  formuhi  agrees  exactly  with  mine  if,  in  the 
hitter,  p  is  taken  at  125  pounds  per  square  inch. 

The  eleven  formulas  above  mentioned  give  the  following 
ranges  of  thicknesses : 

Minimum    .  .  .  0.33        0.99         1.56. 
Maximum  .  .  .  1.13        2.00         3.00. 

Professor  Benjamin's  formula  (6)  gives  for  the  50-inch  cylin- 
der a  thickness  of  3  20  inches,  which  is  greater  than  that  given 
by  any  one  of  the  eleven  formulas,  while  his  figure  for  the 
10-inch  cylinder  is  much  smaller  than  is  given  either  Ly  Pro- 
fessor Barr's  formula  or  by  my  own.  For  these  reasons  it  does 
not  seem  advisable  that  Professor  Benjamin's  formula  (6)  should 
be  adopted  as  a  working  formula  for  dimensioning  engine 
cylinders. 

Mr.    Charles    Whi'ing    RiJcer.  —  Professor   Benjamin's   paper 
raises  some  interesting  questions  relating  to  an  entirely  differ- 
ent industry,  the   manufacture  of   cast  iron  pipe.     It  will  be 
noticed  that  in  several  of  the  cylinders  tested,  leakage  occurred 
through  minute  blow-holes,  sufficient  to  interrupt  the  test  until 
the  holes  were  stopped  by  peeniug  or  filling  with  soft  metal. 
Now,   if   cylinders    like   these    have    such  blow-holes,   do   not 
similar  blow-holes  exist  in  cast  iron  water  pipe?    These  cylin- 
ders were  cast,  it  is  fair  to  presume,  with  far  more  care  than  is 
exercised  in  any  pipe  foundry.     The  thickness  of  the  metal  was 
as  great  as  is  found  in  cast  iron  pipe  of  10  to  30  inches  diameter. 
If  these  cylinders  had  blow-holes  we  know  of  no  reason  to  sup- 
pose that  cast  iron  pipes  do  not  have  similar  blow-holes.     On 
the  other  hand,  we  know  that  very  few  lengths  of  cast  iron  pipe 
have   to  be  rejected  for  leaks  under  the   hydraulic  test,  and 
leaks  in  water  mains  after  they  are  placed  in  the  ground,  whicli 
are  found  to  be  due  to  holes  through  the  pipe  itself,  are  quite 
infrequent.     It  is  interesting  to  inquire  the  reason  for  this,  and 
the  most  probable  reasons  appear  to  us  as  follows  :    In  the  first 
place,  the  cylinder  castings  have  the  skin  of  the  metal  removed 
on  the  interior  of  the  metal.     It  is  quite  likely  that  the  skin  of 
the  metal  in  a  cast  iron  pipe  is  more  solid  than  its  interior.     In 
the  second  place,  all  cast  iron  pipe  is  dipped  in  a  bath  of  pro- 
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tectiiig  coating,  which  not  only  covers  the  surface  of  the  metal 
on  both  sides,  but  runs  into  and  fills  any  small  cavities  and 
blow-holes  that  may  exist.  Further,  the  coating  in  any  such 
blow-lioles  is  in  a  large  measure  jirotected  from  the  influences 
which  tend  to  destroy  or  remove  the  coating  on  the  surface  of 
the  pipe,  and  will  probably  continue  to  do  its  duty  in  keeping 
the  pipe  tight  even  when  much  of  the  interior  coating  is  worn 
off.  Probably  very  few  water-works  engineers  have  ever  re- 
flected that  Avater  j)ipe  is  dipped  in  a  protective  coating  to  make 
it  tight  under  pressure,  as  well  as  to  preserve  it  from  rust ;  but 
there  seems  good  reason  to  believe  tliat  this  is  the  case. 

Jfr.  Benjamin/^ — The  simple  cylinder  with  flat  heads  bolted 
to  flanges  was  adopted  as  representing  the  conditions  obtaining 
in  the  cylinder  of  a  common  slide-valve  engine  when  the  steam 
chest,  being  only  on  one  side  and  with  walls  of  the  same  thick- 
ness as  the  cylinder,  has  no  appreciable  efl:ect  on  the  strength 
of  the  casting. 

I  agree  with  Mr.  Suplee  that  the  conditions  are  entirely  dif- 
ferent in  the  locomotive  and  the  Corliss  cylinder.  How  the 
peculiarities  of  design  in  such  cylinders  would  affect  the  strength 
is  merely  a  matter  of  guesswork  at  present,  and  it  is  hoped 
that  these  elementary  experiments  may  be  followed  by  others 
to  settle  these  other  points.  The  experiments  cited  in  the 
paper  are  only  a  beginning,  and  hope  next  year  to  test  cylin- 
ders with  the  flanges  of  the  same  thickness  as  the  walls,  and 
strengthened  by  brackets. 

Professor's  Gray's  remarks  with  regard  to  the  bending  moment 
under  the  flange  are  much  to  the  point,  but  I  still  think  that  the 
beginning  and  the  direction  of  fracture  are  mostly  dependent 
on  the  presence  of  accidental  flaws  in  the  metal. 

The  formula  proposed  in  the  paper,  wdiile  it  has  its  "  weak 
points  "  like  the  cylinder  to  which  it  is  applied,  is  quite  as  logi- 
cal as  Gordon's  formula  for  columns  or  even  Hooke's  law  itself. 

That  there  is  liable  to  be  bending  at  any  point  where  the 
metal  is  thinner  or  weaker  than  elsewhere  seems  obvious,  and 
that  this  will  add  to  the  tensile  stress  on  either  inside  or  out- 
side seems  equally  obvious.  A  determination  of  values  of  C  from 
existing  practice  was  rather  to  show  the  variations  in  that  j)rac- 
tice  than  to  establish  a  proper  value  of  the  constant. 


*  Author's  closure,  under  the  Rules. 


EXPERIMENTS    ON    CAST    IRON    CYLINDERS.  615 

I  entirely  agree  with  Mr.  Kent  that  the  value  of  C  should  be 
determined  ultimately  hy  experiment,  and  that  is  just  what  we 
are  beginning  to  do.  The  uniformity  of  the  values  of  C  given 
in  Table  II.  is  all  that  could  be  expected  from  so  limited  a 
number  of  experiments. 

If  formula  4  is  logical  and  should  be  confirmed  by  further 
experiment,  the  comparison  made  by  Mr.  Kent  would  only 
show  some  of  the  eccentricities  of  contemporary  engine  design. 

A  moment's  study  of  Professor  Barr's  diagram  on  p.  741  of 
vol.  xviii.  of  the  Transactions  of  this  Society  will  convince  one 
that  the  formula  would  need  to  be  elastic  which  should  cover 
the  curves  there  shown. 

Whether  formula  4  will  apply  as  well  to  large  cylinders  as  it 
does  to  small  is  a  matter  for  further  experiment ;  but  it  is  to  be 
remembered  that  any  formula  is  but  a  rough  guide  in  the  presence 
of  new  conditions,  and  a  poor  substitute  for  the  "  critical 
instinct." 
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PA  TENTS. 

ET  JAMES   W.    SEE,    HAMILTON,   OHIO. 

(Member  of  the  Socictj'.) 

The  special  law  books  deal  thoroughly  with  the  subject  of 
patents,  but  such  books  are  too  voluminous  for  use  as  working 
tools  by  the  members  of  the  Society,  many  of  whom  have  to  do 
largely  with  patent  matters.  Again,  unfortunately,  there  are 
certain  matters  connectecl  with  patents  which  are  generally 
io-nored  by  the  text-book  writers,  on  the  professional  theory 
that  they  involve  truisms  not  calling  for  discussion.  And  it 
is  on  these  ignored  matters  that  engineers  and  manufacturers, 
constantly  in  contact  with  the  subject  of  patents,  seem  often  to 
ffo  astray.  For  instance,  it  is  astonishing  how  often  the  in- 
telligent manufacturer  expresses  an  anxiety  to  get  a  j^atent  on 
some  new  product  so  that  he  can  begin  its  manufacture  without 
danger  of  infringing  upon  other  patents.  The  following  remarks 
are  designed  to  avoid  discussion  of  controversial  points ;  to  be 
generally  on  the  safer  side  in  questionable  matters  ;  to  deal  only 
with  questions  on  which  inventive  mechanics  and  manufact- 
urers ought  to  be  posted  for  purposes  of  every-day  work  with 
inventions  ;  and  to  treat  the  subjects  from  the  practical  view  of 
the  shop,  experimental  room,  and  office.  The  particular  points 
herein  considered  may  be  briefed  as  follows  : 

Preliminary  examiuations  are  of  merit  in  certain  cases  only. 

Caveats  are  generally  misunderstood. 

Hurried  applications  are  generally  unwise. 

Inventions  are  not  easily  stolen. 

The  first  meritorious  inventor  prevails. 

A  patent  is  not  a  license. 

Joint  invention  is  often  misunderstood. 

Employers'  rights  are  often  misunderstood. 

Change  of  purpose  is  not  patentable. 

Combination  claims  are  good  claims. 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Vol.  XIX.  of  the  Trans- 
actions. 
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Aggregation  is  not  invention. 

SpecifiL-  claims  should  supplomeut  generic  claims. 

Sub-combinations  are  patentable. 

The  doctrine  of  mechanical  equivalents  inures  to  pioneers. 

Modifications  should  not  generally  be  set  forth  in  patents. 

Divisional  applications  are  wise  and  often  necessary. 

A  superior  patent  solicitor  is  not  necessarily  the  best  for  all  classes  of  cases. 

The  ccuitingent  fee  system  is  generally  but  not  necessarily  bad. 

Infringement  cannot  always  be  determined  from  the  face  of  the  patent. 

Tlie  Ciovernment  cannot  insure  the  validity  of  a  patent. 

Patent  copies  and  digests  are  useful  tools. 

Foreign  patents  should  be  contemplated  with  caution. 

Prdiminary  Examinations. 

If  an  application  is  filed  for  a  patent  it  may  become  rejected 
on  flat  references  which,  if  known  in  advance,  might  save  the 
entire  expense  of  the  application.  Some  months  generally 
elapse  between  the  filing  of  the  application  and  the  reaching  of 
it  for  official  examination,  the  inventor  during  this  time  being 
in  doubt  as  to  where  he  stands  and  as  to  the  advisability  of 
spending  money  in  promoting  the  invention.  Hence  the  idea  of 
a  preliminary  examination  into  the  novelty  of  the  invention.  In 
some  lines  of  invention  it  is  possible  to  look  up  all  of  the  patents 
in  that  line,  and  thus  get  a  general  notion  of  the  prospects.  If 
a  flat  anticipation  is  encountered  then  tlie  matter  may  be 
dropped.  The  expense  of  the  preliminary  examination  is  but  a 
few  dollars,  and  may  be  the  means  of  saving  the  cost  of  an  ap- 
plication and  of  promptly  showing  that  no  further  hopes  need 
be  had.  But  preliminary  examinations  are  of  respectable  value 
only  when  they  do  succeed  in  bringing  out  such  flat  anticipa- 
tions. If  they  do  not  develop)  anticipating  matter  it  does  not 
follow  that  the  exhaustive  official  examination  will  not  do  so. 
No  cheap  preliminary  examination  can  extend  beyond  United 
States  patents,  thus  leaving  foreign  patents  and  literature  and 
pending  applications  entirely  unsearched,  nor  can  preliminary 
examinations  contemplate  with  any  satisfactory  degree  of  cer- 
tainty the  position  which  may  be  taken  by  the  officials  as 
regards  questions,  aside  from  novelty,  of  aggregation,  non-inven- 
tion, etc.  Preliminary  examinations  can  be  made  only  where 
the  invention  can  be  searched  for  in  well-defined  classes.  Where 
the  invention  is  liable  to  be  buried  in  non-cognate  classes,  or  in 
an  enormous  number  of  classes,  no  reliable  cheap  examination 
can  be  made.     Many  cases  occur  in  which  it    is  impossible  to 
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say  that  anticipations  of  tlie  invention  should  be  looked  for  in 
certain  classes  of  patents,  and  not  elsewhere.  For  instance,  a 
given  detail  of  mechanism,  invented  Avith  special  reference  to  a 
steam-engine  governor,  might  be  found  in  connection  with  un- 
thought-of  textile  machinery,  or  a  cord  guiding  device  for  a 
steam-engine  indicator  might  be  found  fully  anticipated  in  some 
patent  for  the  rigging  of  ships.  By  "  cheap "  preliminary  ex- 
amination, I  mean  an  examination  whose  low  cost  will  justify 
its  being  made  for  the  purpose  of  possibly  saving  the  expense 
of  an  application.  Even  where  an  invention  might  be  searched 
for  in  well-defined  classes,  slips  may  occur  by  reason  of  broken 
sets  of  patents  in  the  portfolios  of  the  Patent  Office.  It  has 
often  happened  that  a  conscientious  search  through  a  given  sub- 
class in  the  Patent  Office  has  indicated  a  clear  field,  and  that 
tlie  subsequent  official  examination  resulted  in  a  flat  reference, 
which  belonged  in  that  sub-class  and  belonged  nowhere  else.  In 
other  words  this  reference  should  have  been  found  during  the 
preliminary  examination.  But  it  has  developed  that  the  port- 
folio, was  incomplete.  It  is  the  aim  of  the  Patent  Office  to  keep 
them  complete  and  to  surround  them  with  reasonable  safeguards, 
but  rascally  searchers,  with  the  desire  to  save  the  trifling  cost  of 
a  copy  of  a  patent,  are  able  to  abstract  copies  and  leave  the 
portfolios  incomplete.  These  portfolios,  altogether,  contain  over 
a  half  million  patents,  and  there  seems  no  reasonable  way  to 
insure  their  constant  completeness.  With  a  view  to  possibly 
saving  the  cost  of  an  application,  and  with  a  view  to  prompt 
information  on  which  to  found  hope  or  despair,  it  is  advisable 
to  make  preliminary  examination  in  case  the  invention  will  fit 
into  fairly  defined  classes  of  patents,  but  not  otherwise. 

Caveats. 

Many  inventors  seem  to  have  a  notion  that  a  caveat  is  a  pro- 
visional sort  of  a  patent ;  that  it  constitutes  title  to  property  in 
inventions  ;  and  that  it  is  a  quick  and  cheap  method  for  securing 
temporary  protection.  This  is  all  wrong,  for  caveats  fulfil  none 
of  these  conditions.  When  an  inventor  contemplates  the  pro- 
duction of  an  invention  along  a  given  line,  and  where  he  fears 
other  inventors  might  have  or  get,  properly  or  improperly, 
similar  ideas,  and  beat  him  in  the  race  of  diligence  in  complet- 
ing the  invention,  he  may  make  up  a  description  of  his  incom- 
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plete  iuveutiou,  observing  proper  formalities,  aud  lodge  the 
same  in  the  secret  archives  of  the  Patent  Office  on  payment  of 
a  fee.  The  caveat  term  is  one  year,  aud  may  be  renewed  from 
year  to  year  by  the  payment  of  annual  fees.  No  patent  will  ever 
be  granted  to  him  as  a  result  of  the  caveat.  The  filing  of  the 
caveat  is  no  evidence  that  the  caveated  invention  is  new  or 
patentable.  No  examination  is  made  by  the  Patent  Office  into 
the  novelty  or  patentability  of  the  subject  matter  of  the  caveat. 
The  caveat  is  utterly  without  effect  as  regards  the  rights  of  the 
public  or  of  other  inventors.  The  sole  purpose  of  the  caveat  is 
to  secure  notice  to  the  caveator  in  case  a  competing  inventor 
applies  for  a  patent,  thus  giving  the  caveator  an  opportunity  to 
complete  his  invention  and  file  his  application  and  establish 
such  rights  as  he  may  be  entitled  to.  If  during  the  caveat 
period  an  application  is  tiled  by  a  stranger  seeking  a  patent  on 
the  subject  matter  of  the  caveat,  such  application  will  be  sus- 
pended, and  the  caveator  will  be  given  notice,  and  will  be  given 
three  months  in  which  to  file  a  proper  application  for  a  patent, 
whereupon  interference  proceedings  will  be  had  to  determine 
the  question  of  priority.  The  caveat  will  not  comprehend  com- 
peting applications  already  on  file  before  the  caveat.  It  is 
ad\'isable  to  have  nothing  to  do  with  caveats,  but  to  accomplish 
the  caveat  purposes  by  means  of  an  application  for  a  patent,  for 
it  is  only  in  rare  cases  that  matter  can  be  described  in  a  caveat 
which  cannot  be  put  into  satisfactory  provisional  form  for  the 
purposes  of  a  formal  application.  The  preparation  and  filing  of 
a  caveat  costs  nearly. as  much  as  an  application;  its  period  is 
but  one  year  Avithout  additional  fees  ;  it  provokes  no  official 
examination,  and  therefore  gives  no  notion  of  the  prior  state  of 
th3  art,  and  it  can  never  eventuate  in  a  patent.  A  formal 
application,  made  for  mere  caveat  purposes,  costs  but  little  more 
than  the  caveat;  it  provokes  an  official  examination  into  the 
state  of  the  art,  and  thus  serves  to  indicate  whether  or  not  its 
subject  matter  is  new^  and  patentable  ;  it  brin-gs  about  the  same 
notice  and  interference  proceedings  with  any  competing  appli- 
cant, regardless  of  whether  the  competing  application  is  earlier 
or  later  than  the  application  in  question  ;  the  application  may 
bo  caused  to  eventuate  in  a  patent  if  the  matter  is  patentable 
and  in  satisfactory  form  ;  the  application  can  be  delayed  within 
reasonable  limits  while  the  invention  is  being  perfected ;  or  iu 
the  end  the  application  may  be  abandoned  in  favor  of  a  later 
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application  for  the  invention  in  its  more  perfected  form.  An 
application  has  a  further  advantage  in  the  fact  that  in  case  of 
interference  proceedings  it  may  give  the  applicant  the  benefit 
of  the  senior  date  of  filing,  and  thus  throw  burden  of  opening 
proofs  upon  his  competitor,  while  in  the  case  of  an  application 
following  notice  under  a  caveat  the  caveator's  application  is 
bound  to  be  of  junior  date.  Briefly,  a  caveat  does  nothing  that 
an  application  does  not  do,  and  an  application  does  much  that 
a  caveat  cannot  do. 

Hurried  Ai^plications. 

Many  inventors  produce  an  invention  and  then  seek  a  patent 
without  delay,  the  result  often  being  that  the  invention  is  pat- 
ented in  half-baked  condition  and  must  be  followed  up  by  later 
patents  on  more  perfected  forms,  and  that  commercial  experi- 
ence may  prove  the  invention  a  failure  ;  and  often  the  premature 
application  results  in  such  exposures  as  will  preclude  the  later 
getting  of  patents  with  claims  of  adequate  scope.  The  only  ad- 
vantage of  the  prompt  application  is  that  it  enables  an  inventor 
to  ascertain  whether  or  not  he  is  working  in  an  old  field.  An 
application  filed  merely  for  the  purpose  of  ascertaining  the  state 
of  the  prior  art  had  often  better  be  allowed  to  slumber  while 
the  invention  is  being  mechanically  and  commercially  developed. 
An  inventor  loses  none  of  his  rights  by  delaying  his  application 
for  a  patent.  The  law  gives  the  inventor  a  period  not  exceeding 
two  years  in  which  to  publicly  exploit  his  invention  before  ap- 
plying for  his  patent.  He  may  sell  the  patented  invention  by 
the  thousands  without  affecting  his  rights  to  the  patent,  so  long 
as  he  applies  for  it  within  two  years  from  its  first  publication 
by  print  or  sale.  During  this  period  he  may  test  the  market  and 
may  improve  his  invention,  and  when  he  applies  for  his  patent 
he  may  cover  the  invention  in  an  approved  form.  Furthermore, 
the  effect  of  the  delay  has  been  to  give  a  later  date  to  the  patent, 
thus  prolonging  the  date  of  its  expiration  nearly  two  years.  If 
infringements  develop  during  the.  period  in  question,  then  it 
may  become  advisable  to  avoid  further  delay  in  applying  for  the 
patent. 

An  exception  should  be  noted  regarding  this  matter  of  delay- 
ing the  application.  There  is  a  class  of  inventions  which  might 
be  called  bubble  inventions,  or  those  which  will  sell  for  a  short 
time  only.     Toys  and  advertising  devices  often  come  under  this 
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head.  Such  an  iuvention,  if  put  upon  the  market  without 
patent,  mi'^ht  provoke  enterprising-  competitors  having-  superior 
facilities  and  capable  of  getting  all  of  the  cream  off  of  the  busi- 
ness before  the  patent  could  be  procured.  Such  inventions 
should  be  patented  before  they  are  exploited.  Briefly,  get  the 
patent  as  quickly  as  possible  if  the  commercial  life  of  the  inven- 
tion is  likely  to  be  a  short  one  ;  but,  otherwise,  delay  the  applica- 
tion, within  the  two-year  period  of  exploitation,  with  a  view  to 
having  the  patent  embody  developed  improvements,  and  with  a 
view  to  prolonging  the  protected  period. 

Stealing  Inventions. 

Ideas  can  be  stolen  from  the  originator.      But  there  is  no 
excuse  for  inventions  being  stolen.     An  idea  is  not  an  invention, 
but  is  merely  a  hopeful  conception  of  a  possibility.     The  inven- 
tion is  the  possibility  reduced  to  form.     Many  men  have  ideas 
which  are  mere  visions  and  which  never  can  be  given  form  by 
anybody  ;  other  men  have  ideas  which  they  would  be  incapable 
of  reducing  to  form  themselves,  but  which  could  be  reduced  to 
form  by  others  if  the  idea  was  disclosed.    The  mere  hint  or  idea 
is  of  no  benefit  to  the   public,  and  is  not  the  thing  which  the 
law  seeks  to  reward.     The  useful  invention  is  the  thing  which 
is  recognized.     It  is  quite  common,  when  a  m.eritorious  inventor 
has  gotten  his  patent,  to  hear  numerous  men  say,  "  He  stole 
that  from  me,"  when  the  fact  was  there  was  nothing  to  steal,  no 
invention  but  merely  an  idea.     As  an  example:     Let  .1,  in  talk- 
inf^  to  B,  suggest  the  high  desirability  of  a  balloon  which  could 
go  to  the  moon,  B  never  having  thought  of  the  subject  before, 
and  A  never  thinking  oi  it  again.     In  a  year  or  two,  B,  having 
wrestled  with  the  subject,   discloses  and  patents  a  system  by 
which  a  balloon  carries  certain  chemical  charges  acting  in  con- 
junction with  atmospheric  elements  and  rendering  it  possible  to 
recharge  the  balloon  with  gas  indefinitely  so  that  it  can  go  to 
the  moon.     A  will  solemnly  assert  that  B  stole  this  invention 
from  him,  when  the  fact  was  that  there  was  no  invention  until  B 
made  it.     Even  if  A  was  able  to  make  the  invention,  he  showed 
no  disposition  to  do  so.    The  law  rewards  him  who  accomplishes 
something  instead  of  him  who  merely  suggests  the  desirability 
of  a  certain  accomplishment.     Kegardless  of  who  first  conceives 
of  the  desirability  of  an  invention,  he  who  actually  makes  the 
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invention  first  is  the  one  entitled  to  a  reward.  I'^  the  inventor 
of  an  idea  does  not  wish  to  be  beaten  out  of  the  reward,  let  hitn 
keep  the  idea  secret  and  act  upon  it;  and  if  a  competitor  ap- 
pears to  exist,  diligence  must  be  shown  in  order  to  prevail 
against  tlie  competitor.  The  idea  of  an  inventio)),  followed  by 
occasional  and  half-liearted  attempts  to  reduce  the  thing  to  the 
form  of  an  invention,  will  not  prevail  against  the  meritorious  in- 
ventor who,  though  later  to  conceive,  or  even  borrowing  the 
idea,  was  the  first  to  reach  the  goal  of  practical  accomplishment 
which  benefits  the  world. 

But  if  an  inventor  has  gone  further  than  the  idea,  and  has 
developed  it  into  an  invention,  then  the  only  way  he  can  lose 
his  rights  is  to  keep  it  secret,  so  that  he  cannot  prove  that  he 
had  any  rights.  The  originator  of  an  invention  who  has  reduced 
it  to  an  actual  useful  invention,  and  can  prove  that  fact,  cannot 
be  deprived  of  his  rights.  A  competing  inventor  may  meet  him 
in  the  patent  office  with  an  application,  or  the  competing  in- 
ventor may  actually  get  his  patent  before  the  meritorious 
inventor  has  applied  for  his  patent,  but  if  the  facts  are  sus- 
ceptible of  proof,  the  meritorious  inventor,  after  proper  inter- 
ference proceedings,  will  be  adjudged  his  rights  and  will  get  his 
patent,  and  the  patent  of  his  competitor  will  be  practically 
void. 

Briefly,  then,  keep  ideas  of'  invention  secret,  for  fear  a  more 
enterprising  man  acting  on  that  idea  may  be  the  first  to  actually 
evolve  an  invention  from  it ;  be  not  so  secret  as  to  exclude 
knowledge  from  friends  who  may  be  needed  to  make  j^roof  of 
dates  and  diligence  ;  be  diligent  in  reducing  an  idea  to  a  prac- 
tical invention ;  when  the  idea  is  reduced  to  a  practical  inven- 
tion, avoid  secrecy,  so  as  to  have  ample  proof  of  the  fact. 

First  Inventor. 

In  conflicts  between  interfering  inventors,  both  seeking  a 
patent  on  the  same  invention,  he  is  the  first  inventor  and 
entitled  to  the  patent  who  has  best  done  his  duty  by  the  public 
whose  reward  he  seeks.  This  duty  cannot  be  measured  by  any 
fixed  standard,  and  each  case  must  stand  largely  on  its  own 
merit.  If  an  inventor  has  been  diligent  in  pushing  his  conceived 
invention  forward  into  a  condition  where  it  is  in  a  position  to 
advance  the  useful  arts,  he  is  not  to  be  deprived  of  his  reward 
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by  dilatory  earlier  conceivers,  who  have  gi)ne  only  so  far  as 
mere  disclosures  or  sketches  or  drawings,  or  abandoned  experi- 
ments or  abandoned  caveats.  Priority  of  conception  must  be 
coupled  with  reasonable  diligence.  If  there  is  no  negligence 
on  the  part  of  the  first  inventor,  the  second  inventor,  though 
the  first  to  reduce  the  invention  to  practice,  will  not  prevail. 
An  aj)j)lication  for  a  patent  is  construed  in  law  to  be  a  reduction 
to  practice.  The  first  inventor  is,  therefore,  eitlier  lie  who  first 
conceives  the  invention  and  follows  it  up  with  reasonable  dili- 
gence, or  he  who  conceives  hxter  than  a  negligent  inventor  and 
first  reduces  the  invention  to  practice. 

A  Patent  is  not  a  License. 

Many  manufacturers  labor  under  the  mistaken  impression 
that  if  they  patent  some  new  machine  they  are  therefore  free 
from  the  possibility  of  infringing  on  otlier  patents.  It  is  aston- 
ishing how  common  this  error  is,  and  how  many  manufacturers 
are  in  a  hurry  to  get  a  patent,  in  order  that  they  "  may  make 
the  thing  witliout  danger  from  others."  An  original  and  meri- 
torious patented  invention  may  be  dominated  by  some  previous 
patent.  A  patented  invention  may  be  improved  by  a  subsequent 
inventor,  and  most  inventions  are  imjjroved  from  time  to  time, 
but  the  improver  acquires  no  rights  under  the  fundamental 
patent  hj  reason  of  having  improved  the  fundamental  invention. 
You  cannot  put  your  saddle  on  another  man's  horse,  and  thereby 
claim  the  right  to  ride  that  horse. 

And  the  inventor  of  the  improvement,  having  exercised  the 
talent  of  invention  and  having  advanced  the  useful  arts,  is  just 
as  much  entitled  to  a  patent  for  his  improvement  as  the  funda- 
mental inventor  was  for  his  fundamental  invention.  It  might 
be  asked  if  it  was  not  folly  to  patent  an  improvement  which 
could  not  be  used  in  view  of  a  dominating  patent.  The  answer 
is  that  improvement  patents  are  often  as  valuable  as  funda- 
mental patents,  by  reason  of  their  expanding  the  market  for 
the  fundamental  invention  by  increasing  its  capacity  or  lessen- 
ing its  cost.  It  is  true  that  the  owner  of  the  fundamental  patent 
may  be  the  only  possible  customer  for  the  improvement  patent, 
but  it  often  happens  that  the  improvemeni  is  important  or  even 
essential  to  the  financial  success  of  the  fundamental  invention. 
Again,  it  may  develop,  in  course  of  time,  that  the  fundamental 
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patent  is  invalid  for  some  reason,  and  in  any  event  the  funda- 
mental patent  will  expire  while  tlie  improvement  patent  is  in 
force. 

Joint  Inventors. 

Where  an  invention  is  the  result  of  the  joint  efforts  of  two  or 
more  parties,  all  the  inventors  must  join  in  applying  for  the 
patent.  Where  an  invention  is  the  result  of  the  effort  of  a 
single  inventor  he  should  not  join  with  liim  anyone  avIio  has 
merely  exercised  mechanical  skill  in  carrying  out  liis  instruc- 
tions in  developing  tlie  invention,  or  anyone  who  has  joined 
him  in  a  financial  or  proj^rietary  capacity.  In  case  the  skilled 
mechanic  has  been  called  on  by  the  inventor  in  developing  liis 
invention,  and  a  doubt  arises  as  to  whether  or  not  the  skilled 
mechanic  has  or  has  not  exercised  some  act  of  invention,  doubts 
should  be  resolved  in  favor  of  the  skilled  meclianic  having  done 
so,  and  he  should  join  in  the  application,  the  fundamental  in- 
ventor securing  himself  by  proper  preliminary  contract  with 
the  mechanic,  and  by  deed  of  assignment  under  the  aj^plication. 
Questions  of  personal  pride  in  connection  with  patents  should 
always  give  way  to  legal  considerations  of  the  validity  of 
patents. 

Employers'  Rights. 

An  invention,  to  be  patented,  must  be  applied  for  by  the 
actual  inventor,  and  in  the  absence  of  acts  constituting  a  trans- 
fer, the  patent,  and  all  legal  ownership  in  it,  and  all  rights 
under  it,  go  exclusively  to  the  inventor.  In  the  absence  of 
express  or  implied  contract  a  mere  employer  of  the  inventor  has 
no  rights  under  the  patent.  Only  contracts  or  assignments  give 
to  the  employer,  or  to  anyone  else,  a  license  or  a  partial  or 
entire  ownership  in  the  patent.  The  equity  of  this  may  be 
appreciated  by  examples.  A  journeyman  carpenter  invents  an 
improvement  in  chronometer  escapements  and  patents  it.  The 
man  who  owns  the  carpenter  shop  has  no  shadoAv  of  claim  on 
or  under  this  patent.  Again,  the  carpenter  invents  and  patents 
an  improvement  in  jack-planes.  The  shop-owner  has  no  rights 
in  or  under  the  patent.  Again,  the  carjienter  invents  an  im- 
provement in  window-frames,  and  the  shoj)  owner  has  no  rights. 
He  has  no  right  even  to  make  the  patented  window-frame  with- 
out license.  The  shop-owner,  in  merely  employing  the  car- 
penter, acquires  no  rights  to  the  carpenter's  patented  inventions. 
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But  there  are  cases  in  which  au  implied  license  would  go  to  the 
shop-owner.  For  instance,  if  the  carpenter  was  employed  on 
the  mutual  understanding  that  he  was  particularly  ingenious  in 
Revising  carpenter  work,  and  capable  of  improving  upon  the 
products  of  the  shop ;  and  if  in  the  course  of  his  work  he 
devised  a  new  and  patentable  wiudoAv-frame,  and  developed  it 
in  connection  with  his  employment  and  at  the  expense  of  his 
employer  ;  and  if  the  new  frames  were  made  by  the  employer 
without  protest  from  the  carpenter,  the  carpenter  could,  of 
<3ourse,  patent  the  new  frame,  but  he  could  not  oust  the  em- 
ployer in  his  right  to  continue  making  the  invention,  for  it 
would  be  held  that  the  employer  had  acquired  an  implied 
license. 

If  he  could  not  use  it,  then  he  would  not  be  getting  the  very 
advantage  for  which  he  employed  this  jjarticular  carpenter ;  and 
if  he  did  get  that  right,  he  would  be  getting  all  that  he  employed 
the  carpenter  for,  and  that  right  would  not  be  at  all  lessened 
by  the  fact  that  the  carpenter  had  a  patent  under  which  he 
could  license  other  people.  The  patent  does  not  constitute  the 
right  to  make  or  use  or  sell,  for  such  right  is  enjoyed  without 
a  patent.  The  patent  constitutes  the  "  exclusive "  right  to 
make,  sell,  or  use,  and  this  the  shop-owner  does  not  get  unless 
he  specially  bargains  for  it.  Implied  licenses  stand  on  delicate 
ground,  and  where  men  employ  people  of  ingenious  talent,  with 
the  understanding  that  the  results  of  such  talent  developed 
during  the  employment  shall  inure  to  the  benefit  of  the  em- 
ployer, there  is  only  one  safeguard,  and  that  is  to  found  the 
employment  on  a  contract  unmistakably  setting  forth  the 
understanding. 

Neiv  Purpose. 

If  an  invention  is  old,  it  is  old  regardless  of  any  new  purpose 
to  which  it  is  put.  It  is  no  invention  to  put  a  machine  to  a 
new  use.  If  an  inventor  contrives  a  meritorious  machine  for 
the  production  of  coins  or  medals,  his  invention  is  lacking  in 
novelty  if  it  should  appear  that  such  a  machine  had  before  been 
designed  as  a  soap  press,  and  this  fact  is  not  altered  by  any 
merely  structural  or  formal  difference,  such  as  difference  in 
power  or  strength,  due  to  the  difference  in  duty.  The  inven- 
tion resides  in  the  machine  and  not  in  the  use  of  it.  If  the 
soap  press  is  covered  by  an  existing  patent,  that  patent  is  in- 


02  (J  PATENTS. 

friii<;ed  by  a  macliine  eml)0(lyiu«f  that  iuventioii,  regardless  of 
whether  the  infringing  machine  be  used  for  jn-essiug  soap  or 
silver.  And  it  is  no  invention  to  discover  some  new  capacity 
in  an  old  invention.  An  inventor  is  entitled  to  all  the  capaci- 
ties of  his  invention. 

Comhination  Claims. 

Many  people  have  an  erroneous  notion  regarding  patent 
claims,  and  consider  the  expression  "combination''  as  an  ele- 
ment of  weakness.  The  fact  is,  that  all  mechanical  claims  that 
are  good  for  anything  are  combination  claims.  No  claim  for  an 
individual  mechanical  element  has  eome  under  my  notice  for 
many  years,  and  I  doubt  if  a  new  mechanical  element  has  been 
lately  invented.  Al\  claims  resolve  themselves  into  combina- 
tions, whether  so  expressed  or  not.  Combination  does  not 
necessarily  imply  separateness  of  elements.  The  improved  car- 
pet tack  is  after  all  but  a  peculiar  combination  of  body  and  head 
and  barbs.  The  erroneous  public  contempt  for  combination 
claims  is  based  upon  the  legal  maxim,  that  if  you  break  the 
combination  you  avoid  the  claim  and  escape  infringement,  and 
this  legal  maxim  should  be  well  understood  in  formulating  the 
claims.  If  the  claim  calls  for  five  elements  and  the  competitor 
can  omit  one  of  the  elements,  he  escapes  infringement.  There- 
fore, the  claim  is  good  only  when  it  recites  no  elements  which 
are  not  essential.  Many  inventors  labor  under  the  delusion  that 
a  claim  is  strong  in  proportion  to  the  extent  of  its  array  of  ele- 
ments. The  exact  opposite  is  the  truth,  and  that  claim  is  the 
strongest  which  recites  the  fewest  number  of  elements.  It  is 
the  dutv  of  the  inventor  to  analyze  his  invention  and  know  what 
is  and  what  is  not  essential  to  its  realization.  It  is  the  duty  of 
the  patent  solicitor  to  sift  out  the  essential  from  the  non-essen- 
tial, and  to  draft  claims  covering  broad  combinations  involving 
only  essential  elements.  Sometimes  the  inventor  will  help  him 
in  this  matter,  but  quite  as  often  he  will,  through  ignorance, 
hinder  him  and  combat  him.  The  invention  having  been  care- 
fully analyzed  and  reduced  to  its  prime  factors,  and  the  claim 
having  been  provided  to  comprise  a  combination  involving  no 
element  which  is  not  essential  to  a  realization  of  the  inven- 
tion, a  new  and  more  important  question  arises.  The  elements 
have  been  recited  in  terms  fitted  to  the  example  of  the  invention 
thus  far  developed.     The  combination  is  broadly  stated,  but  the 
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terms  of  the  elements  are  limiting.  Cannot  some  ingenious  in- 
fringer realize  the  invention  by  a  similar  combination  escapin^T 
the  literalism  of  the  terms  of  the  elements?  It  is  at  this  stao-e 
that  the  claim  must  be  carefully  studied.  The  inventor,  or  some 
one  for  him,  must  assume  the  position  of  a  pirate,  and  set  his 
wits  to  work  to  contrive  an  organization  realizing  the  invention 
but  escaping  the  terms  of  the  proposed  claim.  When  such  an 
escaping  device  is  schemed  out,  then  the  defect  in  the  claim  is 
developed  and  the  claim  must  be  redrawn.  In  this  way  every 
possible  esca])e  must  be  studied  so  as  to  secure  to  the  inventor 
adequate  protection  for  his  invention.  Solicitors  find  it  difficult 
to  get  inventors  to  do  or  consider  this  matter  properly,  inven- 
tors being  too  often  inclined  to  disparage  alternative  construc- 
tions, the  matter  being  largely  one  of  sentiment  founded  on  the 
love  of  offspring.  The  wise  inventor  will  recognize  the  fact  that 
the  patent  which  he  proposes  to  get  is  the  deed  to  valuable 
property  ;  that  the  object  of  the  deed  is  not  to  permit  him  to 
enter  upon  the  property,  for  he  can  do  that  without  the  deed, 
but  that  it  is  to  keep  strangers  from  entering  upon  the  property ; 
that  he  desires  to  enjoy  his  invention  without  nnauthorized 
competition ;  that  when  the  property  begins  to  yield  profit  it 
will  invite  competition ;  that  competitors  may  make  machines 
worse  than  or  as  good  as  or  better  than  his ;  and  that  he  can  get 
adequate  protection  only  in  a  claim  which  would  bar  poorer  as 
well  as  better  machines  embodying  his  invention.  Briefly,  then, 
all  good  claims  for  mechanism  are  combination  claims ;  the 
fewer  the  elements  recited  the  stronger  will  the  claim  be  ;  non- 
essential elements  weaken  or  destroy  the  claim ;  the  claim 
should  not  be  considered  satisfactory  so  long  as  a  way  is  seen 
for  the  escape  of  the  ingenious  pirate. 

Combinations  and  Aggregations. 

A  given  association  of  mechanical  elements  may  be  entirely 
new,  but  it  does  not  follow  that  it  forms  a  patentable  associa- 
tion, for  not  all  new  things  are  patentable.  If  the  new  associa- 
tion is  a  combination  it  is  patentable,  but  if  it  is  a  mere  aggre- 
gation it  is  unpatentable.  An  association  may  be  new  and  still 
all  of  its  separate  elements  may  be  old,  the  act  of  invention 
lying  in  the  fact  that  the  elements  have  been  so  associated  with 
relation  to  each  other  as  to  bring  about  an  improved  result,  or 
an  improved  means  for  an  old  result.  All  new  machines  are, 
41 
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after  all,  composed  of  old  elements.  The  law  presupposes  that 
the  elements  are  old,  and  that  the  invention  resides  in  the  pecu- 
liar association  of  them.  If  we  take  a  given  mechanical  ele- 
ment, recognized  as  having  had  a  certain  capacity,  and  if  we 
then  similarly  take  some  other  mechanical  element  and  employ- 
it  only  for  its  previously  recognized  capacity,  and  if  we  then  add 
the  third  element  for  its  recognized  capacity,  we  have  in  the 
end  only  an  association  of  three  elements  each  performing  its 
well-recognized  individual  office,  and  the  entire  association  per- 
forming only  the  sum  of  the  recognized  individual  elements. 
Such  an  association  is  a  mere  aggregation,  a  mere  adding  to- 
gether of  elements,  without  making  the  sum  of  the  results  any 
greater  in  the  association  than  it  was  in  the  individual  elements. 
It  is  simply  adding  two  to  one  and  getting  three  as  a  result.  An 
aggregation  is  unpatentable.  As  an  illustration,  a  heavy  marble 
statue  of  Jupiter  is  found  in  the  parlor  and  difficult  to  move. 
Ordinary  castors  are  put  under  its  pedestal,  and  it  becomes 
easier  to  move.  Modern  anti-friction  two-wheeled  castors  are 
substituted  for  the  commoner  castors,  and  the  statue  becomes 
still  easier  to  move.  Castors  were  never  before  associated  with 
a  statue  of  Jupiter.  Here  is  a  new  association,  but  it  is  a  mere 
aggregation.  The  statue  of  Jupiter  has  been  unmodified  by  the 
presence  of  the  castors,  and  the  castors  perform  precisely  the 
same  under  the  statue  of  Jupiter  that  they  did  under  the  bed- 
stead. There  is  no  combined  result,  and  there  is  no  patentable 
combination. 

But  if  an  inventor  takes  a  given  mechanical  element  for  the 
purpose  of  its  well-recognized  capacity,  and  then  associates 
with  it  another  mechanical  element  for  its  recognized  capacity, 
but  so  associates  the  two  elements  that  one  has  a  modifying 
effect  upon  the  capacity  of  the  other  element,  then  the  associa- 
tion will  be  capable  of  a  result  greater  than  the  sum  of  the  re- 
sults for  the  individual  elements.  This  excessive  result  is  not 
due  to  the  individual  elements,  but  to  the  combination  of  them. 
One  has  been  added  to  one  and  a  sum  greater  than  two  has  been 
secured.  The  modification  of  result  may  be  due  merely  to  the 
bringing  of  the  two  elements  together,  so  that  they  may  mutually 
act  upon  each  other,  or  it  may  be  due  to  the  manner  or  means 
by  which  they  are  joined.  In  a  patentable  combination  the 
separate  elements  mutually  act  upon  each  other  to  effect  a 
modification  of  their  previous  individual  results,  and  secure  a 
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conjoint  result  greater  than  the  sum  of  the  individual  results. 
The  elements  of  a  combination  need  not  act  simultaneously; 
they  may  act  successively,  or  some  may  act  without  motion.  As 
an  illustration,  assume  an  old  Avatcli  in  which  there  was  a  stem 
for  setting  the  hands,  and  assume  another  old  watch  with  a  stem 
for  winding  the  spring.  If  an  inventor  should  make  a  watch,  and 
provide  it  with  the  two  stems,  he  would  have  only  an  aggrega- 
tion. But  if  he  employed  but  one  stem,  and  so  located  it  that 
it  could  be  used  at  will  for  setting  the  hands  or  for  winding  the 
spring,  then  he  would  have  produced  a  combination.  The  particu- 
lar instance  just  given  is  not  a  case  of  the  same  number  of  ele- 
ments producing  a  result  in  excess  of  the  individual  results  of 
the  separate  elements,  but  is  rather  a  case  of  a  lesser  number  of 
elements  producing  a  combination  result  equal  to  the  sum  of  the 
previous  results  of  a  greater  number  of  elements.  A  better  ex- 
ample would  perhaps  be  a  new  watch  with  its  two  old  stems  so 
related  that  either  could  be  used  for  setting  the  hands  or  for 
winding  the  spring. 

Genera  and  Species. 

An  inventor,  being  the  first  to  produce  a  given  organization, 
and  desiring  to  patent  it,  may  see  at  once  a  patentable  variation 
on  the  device.  In  other  words,  he  makes  two  machines  patent- 
ably  different,  but  both  embodying  his  main  invention.  He 
drafts  his  broad  patent  claim  to  cover  both  machines.  In  his 
patent  he  must  illustrate  his  invention,  and  he  accordingly 
shows  in  the  drawings  the  preferred  machine.  The  tAvo  machines 
represent  two  species  of  his  generic  invention,  afid  for  illustra- 
tion he  selects  the  preferable  species.  He  drafts  his  generic 
claim  to  cover  both  species,  and  he  follows  this  with  a  specific 
claim  relating  to  the  selected  species.  The  question  might  be 
asked.  If  the  broad  generic  claim  covers  the  selected  and  all 
other  species,  why  bother  with  the  specific  claim,  why  not  rest 
on  the  generic  claim  ?  The  answer  is  that  it  might  in  the  future 
develop  that  the  genus  was  old,  and  that  the  generic  claim  was 
invalid,  while  the  specific  claim  would  still  be  good.  The  in- 
fringer of  the  specific  claim  may  thus  be  held  notwithstanding 
the  generic  claim  becomes  void.  But  the  inventor  cannot  claim 
his  second  species  in  his  patent.  He  can  claim  the  genus,  and 
he  can  claim  one  species  under  that  genus,  but  all  other  species 
must  be  covered  in  separate  patents.     It  is  even  unwise  to  illus- 
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trate  alternative  species  in  a  patent,  for,  in  case  of  litigation, 
sonic  one  of  the  alternative  species  might  prove  to  be  old.  This 
■woiild  have  the  effect,  of  course,  to  destroy  the  generic  claim, 
but  it  might  possibly  have  the  effect  of  damaging  the  specific 
claim  if  it  should  appear  that  the  specific  claim  was  after  all 
merely  for  a  modification  as  distinguished  from  a  distinct  species. 
Were  it  not  for  the  danger  of  broad  generic  claims  being 
rendered  void  by  discovered  anticipations,  there  would  be  no 
need  for  claiming  species,  but  in  view  of  such  possibility  it  is 
important  to  claim  one  species  in  the  generic  patent,  and  to  pro- 
tect alternative  species  by  other  patents. 

Combination  and  Svl-Comhination. 

A  given  machine  capable  of  a  given  ultimate  result  having 
been  invented,  a  claim  may  be  drawn  to  cover  the  combination 
of  elements  comprised  in  the  machine.  Such  claim  will  cover 
the  machine  as  a  whole.  But,  the  fact  being  recognized  that 
many  machines  are,  after  all,  composed  of  a  series  of  sub- 
machines,  and  that  these  sub-machines,  in  turn,  are  composed 
of  certain  combinations  of  elements,  and  that  within  these  sub- 
machines  there  are  still  minor  combinations  of  elements  capable 
of  producing  useful  mechanical  results,  and  that  the  sub- 
machines,  or  some  of  the  subordinate  combinations  of  elements 
within  the  sub-machines,  might  be  capable  of  utilization  in 
other  situations  than  that  comprehended  by  the  main  machine, 
it  becomes  imj^ortant  that  the  inventor  be  protected  regarding 
the  sub-machines  and  the  minor  useful  combinations.  Claims 
may  be  drawn  for  the  combination  constituting  the  main 
machine,  other  claims  ma}-  be  drawn  for  the  combinations  con- 
stituting the  operative  sub-machines,  and  claims  may  be  drawn 
covering  the  minor  useful  combinations  of  elements  found  within 
the  sub-machines.  Each  claimed  combination  must  be  opera- 
tive. But  secondary  claims  cannot  be  made  for  sub-machines 
or  sub-combinations  which  are  for  divisional  matter  or  matter 
which  should  be  made  the  subject  of  separate  patents. 

Mechanical  Equivalents. 

Where  an  inventor  produces  a  new  mechanical  device  for  the 
production  of  a  certain  result,  he  can  often  see  in  advance  that 
various  modifications  of  it  can  be  made  to  bring  about  the  same 
result ;  and  even  if  he  does  not  see  it,  he  may  in  the  future  find 
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competitors  getting  at  the  result  by  a  different  construction. 
He  analyzes  the  competing  structure,  and  determines  that  "  it 
is  the  same  thing  only  different,"  and  wonders  what  the  legal 
doctrine  of  mechanical  equivalents  means,  and  asks  if  he  is  not 
entitled  to  the  benefits  of  that  doctrine,  so  that  his  patent  may 
dominate  the  competing  machine. 

An  inventor  may  or  may  not  be  entitled  to  invoke  the  doctrine 
of  mechanical  equivalents,  and  the  doctrine  may  or  may  not 
cause  his  patent  to  cover  a  given  fancied  infringement.  If  an 
inventor  is  a  pioneer  in  a  certain  field,  and  is  the  first  to  pro- 
duce an  organization  of  mechanism  by  means  of  which  a  given 
result  is  produced,  he  is  entitled  to  a  claim  whose  breadth  of 
language  is  commensurate  with  the  improvement  he  has  wrought 
in  the  art.  He  cannot  claim  functions  or  performance,  but  must 
limit  his  claim  to  mechanism,  in  other  words,  to  the  combina- 
tion of  elements  which  produces  the  new  result.  His  claim 
recites  those  elements  by  name.  If  the  new  result  cannot  be 
produced  by  any  other  combination  of  elements,  then,  of  course, 
no  question  will  arise  regarding  infringement.  But  it  may  be 
that  a  competitor  contrives  a  device  having  some  of  the  ele- 
ments of  the  combination  as  called  for  by  the  claim,  the  remain- 
ing elements  being  omitted  and  substitutes  provided.  The 
competing  device  will  thus  not  respond  to  the  language  of  the 
claim.  But  the  courts  will  deal  liberally  with  the  claim  of  the 
meritorious  pioneer  inventor,  and  will  apply  to  it  the  doctrine 
of  mechanical  equivalents,  and  will  hold  the  claim  to  be  in- 
fringed by  a  combination  containing  all  of  the  elements  recited 
in  the  claim,  or  containing  some  of  them,  and  mechanical  equiv- 
alents for  the  rest  of  them.  Were  it  not  for  this  liberal  doctrine 
the  pioneer  inventor  could  gather  little  fruit  from  his  patent, 
for  the  patent  could  be  avoided,  perhaps,  by  the  mere  substitu- 
tion of  a  wedge  for  the  screw  or  lever  called  for  by  the  claim. 
The  court,  having  ascertained  from  the  j^rior  art  that  the  in- 
ventor is  entitled  to  invoke  the  doctrine  of  equivalents,  will 
proceed  to  ascertain  if  the  substituted  elements  are  real  equiva- 
lents. A  given  omit'ed  element  Avill  be  considered  in  connec- 
tion with  its  substitute  element,  and  if  the  substitute  element 
is  found  to  be  an  element  acting  in  substantially  the  same  man- 
ner for  the  production  of  substantially  the  same  individual 
result,  and  if  it  be  found  that  the  prior  art  has  recognized  the 
equivalency  of  the  two  individual  elements,  then  the  court  will 
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sav  that  the  siibstitnted  element  is  a  mechanicr.l  equivalent  of 
the  ouiittod  element,  and  that  the  two  comV)inations  are  suh- 
stantially  the  same.  This  reasoning  must  be  applied  to  each 
of  the  omitted  elements  for  which  substitutes  have  been  fur- 
nished. In  this  way  justice  can  be  done  to  the  pioneer  inventor. 
But  the  courts,  in  exercising  liberality,  cannot  do  violence  to 
the  language  of  the  claim.  The  infringer  will  not  escape  by 
merely  substituting  equivalents  for  recited  elements,  but  he  will 
escape  if  lie  omits  a  recited  element  and  supplies  no  substitute, 
for  the  courts  will  not  read  out  of  a  claim  an  element  which  the 
patentee  has  deliberately  put  into  the  claim,  and  a  combination 
of  a  less  number  of  elements  than  that  recited  in  the  claim  is 
not  the  combination  called  for  by  the  claim. 

It  is  seldom  that  the  exemplifying  device  of  the  pioneer  in- 
ventor is  a  perfect  one.  Later  developments  and  improvements 
by  the  original  patentee,  or  by  others,  must  be  depended  on  to 
bring  about  perfection  of  structure.  Those  who  improve  the 
structure  are  as  much  entitled  to  patents  upon  their  specific 
improvements  in  the  device  as  was  the  original  inventor  entitled 
to  his  patent  for  the  fundamental  device.  These  improvers  are 
secondary  inventors,  and  are  not  entitled  to  invoke  the  doctrine 
of  mechanical  equivalents.  The  secondary  inventor  did  not 
bring  about  a  new  result,  but  his  patent  was  for  new  means  for 
producing  the  old  result.  His  patent  is  for  this  improvement 
in  means,  and  his  claim  will  be  closely  scrutinized  in  court,  and 
he  will  be  held  to  it,  subject  only  to  formal  variations  in  struc- 
ture. The  justice  of  thus  restricting  the  claim  of  the  secondary 
inventor  must  be  obvious,  in  view  of  the  fact  that  if  the  doctrine 
of  mechanical  equivalents  were  applied  to  his  claim  then  the 
fundamental  device  on  which  he  improved  would  probably  in- 
fringe upon  it,  which  would  be  an  absurdity.  It  is  thus  seen 
that  the  pioneer  inventor  may  have  a  claim  so  broad  in  its  terms 
that  its  terms  cannot  be  escaped ;  that  he  may  invoke  the  doc- 
trine of  equivalents  and  have  his  claim  dominate  structures  not 
directly  responding  to  the  terms  of  the  claim ;  that  the  second- 
ary inventor,  who  improves  only  the  means,  is  limited  to  the 
recited  means  and  cannot  invoke  the  doctrine  of  equivalents. 
But  within  this  general  view,  sight  is  not  to  be  lost  of  the  fact 
that  secondary  inventors  may  be  pioneers  within  certain  limits. 
They  are  not  the  first  to  produce  the  broad  ultimate  result,  but 
they  may  be  pioneers  in  radically  improving  interior  or  sub- 
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results,  and  tliey  may  thus  reasonably  ask  for  the  application  of 
the  doctrine  of  equivalents  to  their  claims  within  proper  limits. 
The  matter  often  becomes  quite  complicated,  for  it  is  sometimes 
difficult  to  determine  as  to  what  is  the  result  in  a  given  machine, 
for  man}'  machines  consist,  after  all,  of  a  combination  of  subor- 
dinate machines.  Thus  the  modern  grain-harvesting  machine 
embodies  a  machine  for  moving  to  the  place  of  attack,  a  machine 
for  cutting  the  grain,  a  machine  for  supporting  the  grain  at  the 
instant  of  cutting,  a  machine  for  receiving  the  cut  grain,  a 
machine  for  conveying  the  cut  grain  to  a  Inndery,  a  machine  for 
measuring  the  cut  grain  into  gavels,  a  machine  for  compressing 
the  gavel,  a  machine  for  applying  the  band,  a  machine  for  tying 
the  band,  a  machine  for  discharging  the  bundle,  a  machine  to 
receive  the  bundles  and  carry  them  to  a  place  of  deposit,  and  a 
machine  to  deposit  the  accumulated  bundles.  The  machine 
would  be  useful  with  one  or  more  of  these  sub-machines  omitted, 
and  each  machine  may  be  capable  of  performing  its  own  indi- 
vidual results  alone  or  in  other  associations.  Pioneership  of 
invention  might  apply  to  the  main  macliine,  or  to  the  sub- 
machines,  '  or  even  to  the  sub-organization  within  the  sub- 
machines. 

Modifications. 

It  frequently  happens  that  an  inventor,  in  applying  for  his 
patent,  can  show  the  preferred  structure  and  lay  the  foundation 
for  broad  claims,  while  at  the  same  time  he  can  see  various 
modifications  capable  of  the  same  result.  In  such  case  the  in- 
ventor is  often  desirous  of  illustrating  such  modifications  in  his 
patent,  and  patent  solicitors  often  yield  to  the  desire.  It  is 
generally  unwise  to  illustrate  and  describe  modifications.  The 
claim  should  be  of  scope  to  cover  the  invention  and  mere  modi- 
fications of  it,  regardless  of  whetlier  those  modifications  are  or 
are  not  set  forth,  and  regardless  of  whether  the  inventor  has 
conceived  of  them,  so  long  as  they  are  mere  modifications.  If 
he  does  show  modifications,  he  might  in  court  run  up  against 
a  rule  of  law  that  where  there  is  an  enumeration  the  matter  is 
limited  to  the  enumeration.  An  infringement  might  employ  a 
mere  modification  not  comprehended  by  tlie  enumeration.  Again, 
it  is  a  maxim  of  law  that  a  mere  modification  is  comprehended 
by  a  claim.  "When  the  patent  is  taken  into  court,  it  might  hap- 
pen that  some  enumerated  modification  might  be  found  to  be 
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old  in  the  prior  art,  and  in  sucli  case  the  claim  would  fall.  If 
no  modification  Avas  shown  in  the  patent,  then  the  patentee 
would  be  at  liberty  to  deny  that  the  given  old  device  was  a 
modification  covered  by  his  claim,  thus  possibly  having  his 
patent  maintained  for  the  structure  shown  in  it.  If  the  old 
modification  was  set  forth,  then  the  patentee  could  not  deny  that 
it  was  a  mere  modification  of  his  invention,  and  that  his  so-called 
invention  was  a  mere  modification  of  the  old  device.  There- 
fore, set  forth  only  the  preferred  form  of  the  invention,  and 
depend  on  the  scope  of  the  claims. 

Divisional  Patents. 

It  may  not  be  j^ossible  to  cover  the  several  segregable  features 
of  a  given  machine  in  a  single  patent.  The  law  contemplates  a 
patent  for  an  invention  and  not  for  a  number  of  inventions,  and 
the  classification  of  inventions  in  the  Patent  Ojffice,  and  the 
organization  of  the  examining  bureaus,  largely  control  in  de- 
termining the  matter  of  divisional  applications.  A  bicycle 
may  be  invented  which  is  new  and  patentable  viewed  as  a  whole 
structure.  In  such  case  the  claim  would  recite  all  of  the  ele- 
ments essentially  involved  in  the  new  organization.  But  in  this 
bicycle  the  pneumatic  tire  may  of  itself  be  new  and  patentable, 
and  the  w^heel  may  be  of  a  novel  construction,  and  the  lock-nut 
may  be  new,  and  the  driving-chain  may  be  new,  and  there  may  be 
a  new  means  for  securing  the  joints  of  the  tubing.  These  matters 
cannot  be  covered  in  one  jjatent.  The  improved  tire  would  be 
view^ed  as  being  entirely  independent  of  the  peculiarity  of  the 
bicycle,  and  would  be  susceptible  of  employment  on  other  kinds 
of  bicycles  or  vehicles  ;  the  wheel  construction  might  be  em- 
ployed in  other  kinds  of  bicycles  or  in  wheelbarrows  ;  the  chain 
might  be  employed  in  varying  situations  calling  for  the  use  of 
driving-chains.  In  the  Patent  Office  the  wheel  of  a  bicycle  is 
not  treated  as  a  bicycle  wheel  but  as  a  wheel,  for  any  purpose 
for  which  it  may  be  suited.  A  bicycle  chain  is  not  called  a 
bicycle  chain,  and  applications  for  patents  on  chains  are  not  ex- 
amined by  the  examiner  who  examines  bicycle  applications. 
Lock-nuts  constitute  a  sub-class  by  themselves.  The  fact 
that  the  arts  have  recognized  these  separate  sub-classes  of 
devices,  and  that  the  Patent  Office  classification  of  inventions 
deals  with  them  as  separate  and  independent  elements  in  the 
arts,  and  that  the  examining  divisions  of  the  Patent  Office  deal 
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exclusively  with  given  matters — all  these  facts  go  to  the  merit 
of  the  question  of  division  of  application.  The  single  patent 
can  cover  only  such  matters  as  are  necessarily  interrelated  to  each 
other.  The  patent  on  the  bicycle  can  cover  the  improved  lock- 
nut  in  its  combination  relationship  to  other  features  of  the 
bicycle,  but  it  cannot  contain  a  claim  covering  the  lock-nut  by 
itself.  The  lines  of  division  in  the  Patent  Office  are  reasonable 
and  necessary  lines,  and  questions  of  doubt  will,  on  review, 
generally  be  resolved  in  favor  of  the  applicant.  If  the  appli- 
cant can  aflbrd  it  he  would  be  wise  to  resolve  these  doubts  in 
favor  of  separate  applications. 

Solicitoi'S. 

Solicitors'  fees  coA^er  the  extended  conferences  or  voluminous 
correspondence  with  the  inventor;  the  ^preparation  of  the  ajjpli- 
cation  ;  the  prosecution  of  it  in  the  Patent  Office  ;  the  guarding 
of  the  inventor's  interest  in  securing  all  that  he  is  entitled  to ; 
and  the  delivery  of  the  patent.  The  work  is  not  to  be  measured 
by  the  complexity  or  simplicity  of  the  invention.  An  improve- 
ment in  carpet  tacks  might  involve  very  much  more  legal  work 
than  an  improvement  in  locomotives.  The  money  value  of  an 
invention  is  often  determinable  by  the  merit  of  the  patent 
granted  upon  it,  and  care  should  be  used  not  to  destroy  the 
value  of  the  j^roperty  at  the  very  start  by  getting  the  patent  as 
cheaply  as  possible.  The  inventor  sees  but  little  of  the  actual 
work  done  by  the  patent  solicitor,  the  real  work  being  done 
generally  after  the  application  is  filed  in  the  Patent  Office.  It 
is  then  that  the  battle  takes  place,  and  it  is  then  that  the  in- 
ventor's property  is  to  be  made  good  or  bad.  It  does  not  follow 
that  the  highest  priced  service  is  the  best,  but  it  is  not  likely 
that  the  best  or  even  good  service  will  be  found  at  low  price. 

The  selection  of  a  solicitor  by  an  inventor  is  often  to  be  con- 
trolled by  the  character  of  the  invention.  Thus  a  given  inven- 
tion may  call  for  peculiar  mechanical  skill  on  the  part  of  the 
solicitor.  Most  all  solicitors  Avill  be  found  comjDetent  to  grasp 
most  mechanical  inventions,  but  a  case  occasionally  arises 
where  extraordinary  mechanical  skill  is  required  in  drawing- 
distinctions  between  the  new  invention  and  its  predecessor,  the 
procuration  of  the  patent  thus  depending  very  largely  upon 
mechanical  skill  on  the  part  of  the  solicitor.  In  such  a  case 
select  a  solicitor  skilled  in  mechanics,  or  in  the  special  branch 
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of  mechanics  involved  in  the  invention.  Anotlier  invention  may 
be  simple  in  its  device,  but  the  question  of  obtaining  the  patent 
may  depend  entirely  upon  fine-spun  legal  considerations.  In 
such  case  the  solicitor  brilliant  in  the  law  and  dull  in  mechanics 
might  be  the  better  man.  Again,  the  brilliant  mechanic  and 
lawyer  might  be  less  preferable  than  a  less  talented  solicitor  in 
connection  with  a  chemical  case.  Again,  it  is  always  desirable 
in  important  cases  to  have  solicitors  who  have  had  experience 
in  the  particular  line  in  question.  Thus,  for  instance,  if  one 
has  an  important  and  complicated  invention  in  textile  machinery 
he  would  be  wise  to  have  a  New  England  solicitor,  or  one  who 
has  had  New  England  experience,  for  that  section  is  the  home  of 
the  textile  arts  of  this  country,  and  the  solicitors  of  that  section 
have  had  much  more  experience  than  those  of  other  sections. 
In  metallurgy,  and  in  machinery  of  the  soil  and  harvest,  the 
most  competent  solicitors  would  most  likely  be  found  in  other 
sections.  For  general  purposes,  however,  it  may  be  stated,  that 
the  competent  solicitor  can  quickly  get  within  his  grasp  the 
salient  points  of  most  any  invention.  If  he  has  had  proper 
training  and  experience  the  inventor  will  often  be  astonished  at 
his  capacity  for  tearing  an  invention  into  pieces,  sifting  out  the 
chaff,  and  getting  right  down  to  the  kernel  of  the  invention. 
Many  inventors  do  not  know  what  their  invention  is  until  ad- 
vised by  their  solicitors.  It  is  a  mistake  to  suppose  that  the 
mechanic  is  a  better  solicitor  than  the  lawyer.  The  lawyer's 
education  is  one  of  analysis,  and  any  mechanic  is  a  better 
mechanic  after  studying  law.  The  patent  solicitor  must  have  a 
grasp  of  the  law  and  of  mechanics.  He  may  be  a  lawyer  who 
has  studied  mechanics,  or  he  may  be  a  mechanic  who  has 
studied  law.  But  it  is  the  law  training  which  fits  the  solicitor 
for  quick  grasp  and  thorough  analysis. 

Contingent  Fees. 

There  are  all  kinds  of  patent  solicitors,  as  there  are  all 
kinds  of  mechanical  engineers  and  machinists.  Perhaps  thor- 
ough solicitors  and  engineers  and  machinists  are  the  excep- 
tion. The  best  engineers  and  machinists  can  and  do  generally 
command  the  best  pay,  and  so  do  the  best  patent  solicitors. 
Those  whose  competency  or  reputation  will  not  secure  them 
business  at  good  pay  must  be  content  to  take  poor  pay.  It 
may,  I  think,  generally  be  assumed  that   the   service   in   any 
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branch  which  commands  the  best  pay  is  the  best  service,  but  it 
does  not  at  all  follow  that  iu  all  cases  the  best  men  are  get- 
ting the  best  pay.  Solicitors  who  do  business  on  the  principle 
of  "No  patent,  no  pay"  sometimes  do  as  good  work  as  any  one, 
but  the  principle  is  generally  availed  of  by  those  who  cannot 
otherwise  command  a  satisfactory  amount  of  business.  A  solici- 
tor of  well-established  reputation  is  always  in  a  position  to  offer 
his  best  services,  but  his  best  services  may  not  succeed.  The 
more  difficult  the  road  to  success  the  greater  the  need  becomes 
for  good  service,  and  the  more  service  is  required,  hence  the 
inconsistency  of  contingent  fees  when  coupled  with  low  fees. 
But  the  worst  aspect  of  contingent  foes  is  that  they  are  due 
when  the  service  results  in  a  patent  with  the  ril)bon  on  it. 
When  it  is  considered  that  a  patent  is  often  the  deed  for  a 
very  valuable  piece  of  property  it  is  obvious  that  the  mere  cost 
of  the  deed  should  not  be  too  closely  considered.  In  giving  con- 
sideration to  patent  business  done  on  contingent  fees,  sight 
should  not  be  lost  of  the  fact  that  contingent  fees  are  often 
coupled  with  the  lowest  scale  of  charges.  If  the  charges  are 
low  and  then  made  contingent,  special  caution  is  suggested. 

But  there  are  cases  in  which  a  poor  inventor  must  avail  him- 
self of  the  contingent  fee  system,  but  it  does  not  follow  that  the 
poor  inventor  should  therefore  have  jjoor  service.  He  might, 
perhaps,  go  to  the  best  solicitor  and  say  to  him,  "  I  am  poor 
and  want  the  best  legal  services,  but  I  cannot  meet  your  charges, 
and  would  need  to  borrow  money  to  meet  any  charges.  I  can- 
not afford  the  risk  of  loss,  but  if  I  get  my  patent  I  will  be  a  rich 
man.  Therefore,  join  with  me  in  the  risk,  give  me  your  best 
service,  and  if  you  succeed  charge  me  extra  to  compensate  you 
for  your  share  of  the  risk."  Some  good  solicitors  can  be  gotten 
to  render  their  best  services  under  such  an  arrangement,  the 
contingent  fee  being  never  less  than  double  the  ordinary  fee. 
It  will  be  seen  that  this  is  not  by  any  means  a  cheap  arrange- 
ment ;  indeed,  it  is  the  most  expensive  possible  ;  but  it  is  often  a 
wise  one.  It  is  a  safe  course  only  with  a  solicitor  whose  repu- 
tation is  so  high  that  he  cannot  afford  to  lower  the  character  of 
his  work  in  order  to  expedite  the  getting  of  the  patent  on  which 
alone  his  fee  depends. 
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InfriiKjcments. 

A  inanufactiirer,  aware  of  possible  infrii)geinent  upon  a  given 
patent,  may  compare  liis  proposed  macliine  with  the  terms  of 
the  claim  of  the  patent,  and  may  find  that  his  machine  escapes 
the  terms  of  the  claim,  but  he  will  be  quite  in  the  dark  as  to  his 
status  until  he  becomes  advised  as  to  whetlier  or  not  the  state 
of  the  prior  art  was  such  as  to  prevent  the  patentee  invoking 
such  a  liberal  interpretation  for  his  claims  as  would  dominate 
the  proposed  structure.  Bitter  fights  occur  over  questions  of 
infringement,  the  same  as  they  do  over  all  other  asserted  titles 
to  property.  The  inventor  creates  the  neAV  invention  and  gets 
his  patent,  and  then  may  arise  a  conflict  between  him  and  the 
public ;  the  public  seeking  to  get  around  the  terms  of  his  claim, 
and  he  seeking  to  have  its  terms  exj^anded  to  dominate  the 
fancied  infringements.  If  all  inventors  were  pioneers  in  their 
lines,  then  justice  could  easily  be  measured  out.  But  in  the 
march  of  industrial  development  each  inventor  adds  his  mite, 
and  his  exclusive  rights  should  be  protected,  but  are  often  difii- 
cult  to  measure.  An  inventor  may  have  fancied  himself  a  pioneer 
and  may  have  gone  into  the  Patent  Office  with  his  application, 
making  broad  claims.  Upon  being  rejected,  in  view  of  the  state 
of  the  art,  he  cuts  down  the  scope  of  his  claims,  and  upon  further 
rejection  he  cuts  down  the  claims  still  more,  and  advances  argu- 
ments showing  delicate  distinctions.  He  then  gets  his  patent, 
and  often  seeks  to  hold  it  over  the  heads  of  the  public  as  having 
considerable  breadth  of  scope.  It  is  here  that  the  delicate 
duties  of  the  court  are  called  for  in  determining  the  proper 
limitations  to  the  claim,  and  hotly  contested  facts  and  expert 
testimony  become  in  order.  The  courts  have  referred  to  cases 
of  this  kind  by  likening  certain  patent  claims  to  the  nose  of  w^ax, 
which  is  twisted  one  way  to  get  the  claim  from  the  Patent  Office, 
and  then  twisted  the  other  way  to  make  it  reach  and  dominate 
an  alleged  infringement.  Experts  will  always  disagree  over 
shadowy  lines.  The  deed  to  real  estate  calls  for  land  to  the 
centre  of  the  river,  but  the  river  has  long  since  dried  up  and 
geological  experts  may  well  differ  over  its  former  location. 

Government  Defence  of  Patents. 

Many  patentees  complain  that  the  Government  grants  them 
patents,   and  then  forces  on  them  the  burden   of  maintaining 
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them  ;  that  Government  courts  often  declare  the  patents  weak 
or  void  ;  and  they  think  the  Government  shouhl  sustain  its 
grants. 

This  view  ignores  the  fact  that  the  Government,  in  making 
the  grant,  can  act  only  on  the  facts  before  it.  The  inventor 
makes  oath  that  he  is  the  original  and  sole  inventor.  It  may 
turn  out  that  the  oath  is  false,  and  that  the  invention  was  gotten 
complete  from  the  actual  inventor  and  patented  with  his  con- 
sent. The  Government  should  not  be  called  on  to  uphold  any 
such  patent.  Again,  the  Government  experts  search  prior 
patents  and  the  literature  of  the  art,  and  use  their  own  personal 
knowledge,  and,  finding  nothing  of  an  anticipating  character,  the 
patent  is  granted.  The  Government  has  made  fifteen  dollars' 
worth  of  searches,  and  the  inventor  apx^ears  to  be  entitled  to 
his  patent,  and  the  patent  is  accordingly  granted.  But  the  Gov- 
ernment has  no  possible  means  of  knowing  of  unpatented  prior 
public  uses.  You  may  invent  a  peculiar  steam  engine,  and 
build  and  sell  them  for  ten  years.  Some  man,  a  thousand  miles 
from  you,  invents  the  same  thing,  and  very  properly  gets  a  patent 
on  it,  the  Government  having  no  knowledge  whatever  of  your 
past  efforts.  That  patent  must  fall,  and  the  Government  should 
not  be  asked  to  uphold  it. 

Again,  an  inventor  applies  for  his  patent,  and  the  commis- 
sioner rejects  him  on  some  old  patent  which  appears  to  be  of 
anticipating  character.  Thereupon  the  inventor  files  a  sophis- 
tical argument  as  to  the  construction  and  action  of  the  alleged 
anticipation,  and  the  examiner,  half  convinced  and  resolving 
doubts  in  favor  of  the  applicant,  alloAvs  the  application,  and  the 
patent  is  issued.  Later,  when  the  patent  is  taken  into  court, 
daylight  is  let  into  the  sophistry  of  the  argument  and  it  is 
shown  that  the  old  device  is  the  same  as  the  new  device.  The 
new  patent  must  fall. 

Co'pies  of  Patents. 

The  Government  has  printed  copies  of  most  all  its  issued  pat- 
ents, and  manufacturers  and  others  having  to  do  with  patents 
should  more  fully  avail  themselves  of  this  fact.  They  would  do 
well,  if  much  concerned  with  patents,  to  have  volumes  contain- 
ing copies  of  those  of  interest.  The  Patent  Office  divides  inven- 
tions into  something  over  two  hundred  classes,  and  these 
classes   are    again   divided  into    sub-classes   on   more    or   less 
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rational  Hues.  There  are  over  six  tliousaud  of  these  sub- 
chisses.  The  Patent  Office  will  furnish  free  on  application  a 
classification  list.  Copies  of  single  patents  may  be  purchased 
for  five  cents  each  ;  if  a  complete  sub-class  is  taken,  for  three 
cents  each  ;  if  a  complete  class  is  taken,  two  cents  each.  Any 
person  can  procure  these  copies  from  the  Patent  Office  at  the 
above  figures.  The  patent  attorney  would  necessarily  charge 
for  services  in  ordering,  or  for  any  necessary  service.  The 
Patent  Office  will  also  enter  subscriptions  for  the  mailing  of 
such  patents  as  may  issue  from  time  to  time  in  a  selected  sub- 
class, a  small  deposit  being  made  and  renewed  to  cover  the  cost, 
at  five  cents  each. 

Digests. 

Over  six  hundred  thousand  United  States  patents  have  been 
issued,  and  it  is  unfortunate  that  the  Patent  Office  has  thus  far 
not  been  able  to  procure  appropriations  for  digesting  them 
somewhat  as  the  British  Patent  Office  has  partially  done  with 
its  comparatively  small  number  of  patents.  Such  digests  of 
United  States  patents  as  have  thus  far  been  published  are  the 
result  of  individual  enterprise,  and  the  works  are  necessarily 
expensive,  owing  to  the  great  labor  and  the  very  limited 
demand.  Manufacturers  interested  in  specific  lines  of  inven- 
tions would  do  well  to  avail  themselves  of  such  digests  so  far  as 
suitable  to  their  purposes.  These  digests  have  been  the  out- 
growth of  special  activity  in  certain  lines  of  industry  at  certain 
times.  I  have  never  seen  a  complete  list  of  these  digests,  and 
do  not  know  that  one  could  be  made  ;  but  I  here  append  a  list 
as  complete  as  I  can  make  it,  viz.: 

Sewing  Machine  Attachments.    By  George  W.  Gregory.     1872. 

Breech-loading  and  Magazine  Small  Arms,  except  Eevolvers. 
By  V.  K.  Stockbridge.     1875. 

Seeding  Machines  and  Implements.  By  James  T.  Allen. 
1878.     With  certain  supplements  since. 

Plows  and  Attachments.     By  James  T.  Allen.     1883. 

Agricultural  Implements.     By  James  T.  Allen.     1884. 

Harrows  and  Diggers,  Seeders  and  Planters,  Cultivators, 
Harvesters.     James  T.  Allen.     1886. 

Cycles  or  Yelocipedes,  with  Attachments.  By  James  T. 
Allen.     1892.     With  certain  Supplements. 

Underground  Lines.     By  James  W.  See.     1886. 
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Foreign  Patents. 

Good  foreign  patents  are  extremely  valuable  property,  but  it 
do3s  not  follow  tliat  all  foreign  patents  are  of  value.     Not  one 
in  a  liundred  of  American  inventions,  even  if  they  are  somewhat 
profitable,  are  worth  the  cost  and  trouble  of   foreign  patents. 
The  cost  of  foreign  patents  is  heavy,  and  in  most  cases  the  con- 
tinued validity  of  the  patents  is  contingent  on  the  payment  of 
taxes  and  the  local  working  of  the  invention.     If  a  customer  is 
promptly  found  under  the  foreign  patent,  then  its   taxes  and 
Avorking    offer   few    difficulties;    but   if   no   customer  is  found 
within  a  year  it  becomes  a  serious  matter  to  perform  the  leoal 
working.     Little  or  no  confidence  should  bo  placed  in  nominal  or 
paper  workings,  and  even  these  are  expensive.     In  some  coun- 
tries taxes  begin  and  the  invention  must  be  worked  at  the  end 
of  the  first  year,  and  the  working  must  not  permanently  cease  ; 
and  in  the  case  of  Canada  the  continued  validity  of  the  patent 
restricts  the  power  to  import  the  invention  into  Canada.     An 
invention  which  has  made  good  profit  in  America  and  is  a  .matter 
of  foreign  requirement,  is  well  worth  foreign  patents,  and  the 
customer  may  often  be  found  in  view  of  the  American  success. 
But  the  trouble  is  that  the  foreign  patenting  cannot  be  delayed 
until  American  success  determines  its  expediency.      In  some 
foreign  countries  the  patent  would  be  rendered  void  by  prior 
patenting  or  disclosure,  and  in  America  the  patent  expires  with 
the  term  of  thq  first  expiring  previously  granted  foreign  patent. 
Hence,  to   avoid    any  antedating,  all  the    patents  should  bear 
about  even  date.     Date  can  Ue   made  for  foreign   patents    by 
merely  filing   the    applications,  while  in  America  the   date    of 
patent  is  the  date  of  grant,  and  may  be  months  or  even  years 
after  the  date  of  application.     Hence  the  proper  course  is  to 
take  no  steps  regarding  foreign  patents  till  the  United  States 
application  is  allowed.     Then  select  the  proper  future  issue 
day  for  the  United  States  patent  and  cause  all  the  foreign  appli- 
cations to  be  filed  on  that  day.     An  exception  is  to  be  made  in 
case  the  invention  goes  into  public  use  before  the  issue  of  the 
United  States  patent.     In  such  case  the  shortening  of  the  life 
of  the  United  States  patent  must  be  submitted  to,  and  the  for- 
eign  patents    should   be    taken  out   before   public  disclosures 
would  render  them  void. 

In  most  foreign  countries  patents  ara  granted  as  a  matter  of 
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course,  without  examination  into  novelty,  and  tlie  grant  of  the 
patent  is  no  evidence  whatever  that  the  patent  is  good  for  any- 
thing. In  Germany  applications  are  examined,  and  generally 
rejected.  The  merit  which  will  insure  the  grant  of  a  German 
patent  is  not  at  all  to  he  measured  by  American  standards. 

Briefly,  then,  waste  no  money  on  foreign  patents  unless 
prompt  results  are  in  sight,  or  unless  the  invention  is  of  impor- 
tance enough  to  justify  the  expense  and  trouble  due  to  recur- 
ring taxes  and  legal  local  working  of  the  invention ;  foreign 
patents  should  antedate  invalidating  disclosures  of  the  inven- 
tion ;  it  is  desirable  that  all  patents  on  the  same  invention  bear 
even  date.  This  latter  can  be  secured  by  filing  the  foreign  pat- 
ents in  the  interval  between  allowance  and  grant  of  the  United 
States  patent. 

DISCUSSION. 

Mr.  Charles  E.  Foster. — I  think  it  may  be  recognized  that  the 
subject  which  Mr.  See  has  brought  up  is  one  of  general  interest 
to  the  members  of  this  Society.  It  is  of  general  interest  because 
it  deals  with  a  matter  in  which  there  is  a  lack  of  information 
upon  certain  questions,  which  causes  a  great  waste  of  money. 
During  forty  years'  experience  I  have  seen  a  very  large  amount 
of  money  wasted  in  connection  with  good  inventions.  There  is 
hardly  a  man  of  any  intelligence  who  will  invest  a  few  dollars  in 
a  piece  of  property  without  spending  from  twenty-five  to  fifty  or 
a  hundred  dollars  in  ascertaining  whether  he  has  a  title  that  is 
worth  anything.  But  the  same  man  who  proposes  to  invest  a 
large  amount  of  money  in  an  invention  which  he  expects  will 
bring  him  in  a  much  larger  sum,  will  take  no  trouble  w^hatever 
to  ascertain  what  steps  are  necessary  in  order  properly  to  secure 
the  exclusive  right  to  the  invention. 

While  the  necessity  of  technical  claims  has  come  to  be  pretty 
well  recognized,  it  is  a  prevalent  idea  that  any  fairly  good 
description  is  necessarily  a  good  specification.  The  existence 
of  this  idea,  and  the  recognition  by  inventors  and  patentees  of 
well-worded  and  systematically  arranged  descriptions  as  speci- 
fications, has  constituted  the  basis  of  a  great  deal  of  patent  liti- 
gation and  the  loss  of  protection  for  many  valuable  inventions. 

The  error  that  underlies  this  misunderstanding  will  be  appar- 
ent when  we  consider  that  a  mere  description  applies  solely  to 
the  thing  shown  in  the  drawing,  while  a  specification  properly 
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drawn  treats  the  tiling  shown  in  tlie  drawing  as  a  mere  incident 
to  the  underlying  invention. 

Except  where  the  invention  consists  merely  of  specific  details, 
it  always  comprises  something  underlying  and  broader  than  any 
specific  illustration  thereof,  and  something  which  must  be  ex- 
pressed in  terms  which  go  beyond  the  description  of  any  single 
illustration. 

Every  part  of  every  machine  is  arranged  to  perform  a  certain 
office  or  to  effect  a  certain  movement ;  and  it  is  very  seldom  the 
case  that  such  office  or  such  movement  can  be  effected  only  by 
a  single  particular  construction.  !So  also  with  results  effected 
by  combinations  of  elements.  Each  such  combination  of  ele- 
ments has  to  perform  a  certain  office  or  effect  a  certain  move- 
ment, and  this  office  and  this  movement  may  be  efl'ected  by  other 
constructions  or  combinations.  It  therefore  follows  that  if  the 
specification  is  so  drawn  that  the  elements  defined  in  the  claims 
by  reference  back  to  the  description  are  necessarily  elements  of 
the  precise  or  apjDroximate  character  set  fortliin  a  mere  descrip- 
tion, or  illustrated  in  the  drawing,  then  any  mechanic,  ingenious 
enough  to  effect  like  results  by  the  use  of  other  elements  not 
the  mere  equivalents  of  those  shown,  or  by  discarding  some  of 
the  elements  described,  can  avoid  the  claims. 

In  construing  a  patent,  the  court  is  practically  limited  by  law 
to  the  scope  set  forth  in  the  specification  and  claims.  If  the 
court,  looking  into  the  specification,  finds  that  the  inventor  has 
set  forth  the  foundation  principles  of  his  invention,  the  essen- 
tial things  which  underlie  non-essential  constructions  ;  if  it 
finds  that  he  has  set  forth  that  certain  things  are  to  be  arranged 
or  co-act  in  a  certain  way  to  produce  a  desired  effect,  but  that 
he  has  also  pointed  out  that  he  recognizes  that  other  things 
may  be  substituted  for  those  which  he  has  shown,  and  that 
parts  may  be  altered  or  dispensed  with  ;  and  if,  in  addition,  it 
finds  that  he  has  illustrated  different  modifications  with  the 
view  of  thoroughly  explaining  his  position  upon  this  point,  and 
that  the  Patent  Office  has  accepted  the  position  which  the  in- 
ventor has  taken  ;  and  if  the  court  finds  that  all  the  various 
modifications  embody  the  same  principle  of  construction  or 
operation,  then  in  that  case  the  court,  when  it  comes  to  con- 
sider the  claim,  even  although  the  latter  may  be  nominally  to 
specific  elements,  will  give  a  broad  construction  to  that  claim, 
and  will  consider  as  infringing  devices  constructions  which  are 
42 
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very  different  from  tliose  shown  in  the  patent.  In  other  words, 
it  will  give  the  inventor  the  benefit  of  his  declaration  that  his 
invention  consists  not  in  specific  construction  and  arrange- 
ments, but  in  the  combination  of  parts  of  any  character  within 
proper  limits  to  produce  certain  efi'ects. 

If,  on  the  contrary,  the  specification  consists  merely  of  a 
clear  and  exact  description  of  what  is  shown  in  the  drawings, 
with  a  claim,  even  broad  and  generic  in  its  terms,  the  court, 
owing  to  the  failure  to  set  forth  that  the  said  terms  apply  to 
anything  except  to  the  specific  construction  shown,  will  be  very 
apt  to  limit  the  claims  to  such  construction,  and  to  find  that 
other  constructions,  although  based  upon  the  same  principle  of 
operation,  and  securing  the  same  result,  are  not  infringements. 

In  a  recent  case,  one  of  the  Circuit  Courts  found  that  a  patent, 
not  a  foundation  patent  by  any  means,  was  infringed  by  a  simple 
device  which  made  use  of  but  three  parts  to  effect  a  certain 
result,  while  the  construction  shown  in  the  patent  made  use  of 
a  complicated  arrangement  of  about  a  dozen  different  elements 
to  effect  the  same  purpose,  the  court,  making  special  reference 
to  the  fact  that  the  patentee  had  stated  that  he  did  not  limit 
himself  to  any  precise  means  for  accomplishing  the  result,  and 
to  his  having  described  and  illustrated  several  different  means, 
none  of  which  were  used  by  the  defendant. 

In  Morley  vs.  Lancaster,  decided  by  the  Supreme  Court,  and 
reported  in  129  U.  S.,  the  court  sustained  the  claims,  which 
were  broadly  for  the  combination  of  "  means  "  for  doing  certain 
things,  regardless  of  the  construction  of  these  means ;  and  one 
of  the  grounds  for  giving  a  liberal  interpretation  of  the  patent 
was,  as  stated,  that  "  in  the  Morley  patent  a  modification  is 
described,"  and  that  Morley  says  in  his  specification  "that  dif- 
ferent means  for  making  a  stitch  may  be  emjsloyed,  as  well  as 
other  feed  mechanisms."  The  court  further,  in  other  portions 
of  its  decision,  compares  the  modification  described  in  the  Mor- 
ley patent  with  the  infringing  devices  to  show  that  they  approx- 
imated more  closely  the  modification  than  the  devices  in  the 
main  construction. 

I  refer  especially  to  this  case  of  Morley  vs.  Lancaster  because 
it  is  one  in  which  the  Supreme  Court  gave  the  greatest  possible 
latitude  to  the  claims,  and  because  it  appeared  that,  in  doing  so, 
the  court  was  to  a  great  extent  governed  by  the  position  taken 
by  the  inventor  in  his  specification  as  to  what  constituted  his 
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invention,  and  the  essential  features  thereof,  and  because  it  is 
very  evident  that,  if  the  inventor  had  merely  described  his 
machine  without  indicating  any  recognition  of  the  fact  that 
various  parts  might  be  supplanted  by  or  substituted  for  others 
of  very  different  construction  and  character,  the  court,  notwith- 
standing the  broad  terms  of  the  claims,  would  not  have  given 
so  broad  a  construction  to  the  patent. 

No  man  is  capable  of  writing  a  specification  which  will  really 
protect  the  inventor,  whether  it  be  for  a  stocking  supporter  or 
a  complex  system  of  electrical  transmission,  unless  lie  is  capable 
of  dissociating  his  ideas  from  mechanical  constructions  and 
diving  down  to  the  foundation  principles  of  the  invention.  And 
it  is  a  mistake  to  think  that,  l)ecause  a  device  is  comparatively 
simple  and  readily  explained,  there  is  therefore  nothing  else  in 
it,  and  that  there  are  no  underlying  principles  of  operations  or 
construction.  Many  an  inventor  of  a  simple  device  has  missed 
a  fortune  because  his  attorney  has  not  been  able  to  appreciate 
that  the  invention  back  of  a  simple  structure  is  capable  of  more 
than  one  form  of  embodiment,  and  has  failed  in  his  specifica- 
tion to  point  out  what  parts  are  essential  and  vrhat  parts  are 
capable  of  change  or  modification,  or  being  dispensed  w'ith,  in 
embodying  the  invention  in  different  forms. 

We  hear  a  great  deal  about  the  disposition  of  courts  to  treat 
inventors  illiberally,  but  we  must  recognize  the  fact  that  it  is 
generally  the  imperfect  and  defective  patents  which  get  before 
the  courts.  The  best  test  of  a  patent  is  that  it  affords  proper 
protection  to  the  patentee  during  the  term  of  the  patent,  with- 
out ever  affording  a  basis  for  litigation ;  that  is,  that  it  is  so 
clear  and  co  explicit  that  the  public  recognizes  its  strength  and 
purpose  and  limitations,  and  keeps  off  the  protected  ground. 

J/y.  Albert  H.  Bates. — The  remarks  of  the  last  speaker  about 
the  specification  being  drawn  broadly  are  very  pertinent.  One 
of  the  best  patent  lawyers  that  we  have  had,  who  died  recently, 
said  that  he  preferred  to  have  a  very  liberal  specification,  and 
then  the  claims  just  lettered  claims  ;  that  is,  a  hanger  A,  a  shaft 
B,  etc.,  and  then  refer  back  to  the  specification  to  find  wdiat  w^as 
meant  by  the  hanger  A.  I  doubt,  however,  if  many  lawyers 
agree  with  him,  and  it  is  usually  considered  that  lettered  claims 
are  limited  in  their  nature.  They  certainly  require  a  very  care- 
fully drawn  specification  not  to  be  limited.  I  think  the  best 
practice  is  to  make  the  claims  in  words  descriptive  rather  of  the 
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functions  of  the  parts  than  their  structure,  and  to  be  very  care- 
ful that  there  is  nothing  in  the  specification  suggesting  an  un- 
necessary limitation  to  the  structure  ;  but  the  Supremo  Court 
has  said  that  although  patentees  frequently  append  to  their 
specifications  a  statement  that  it  shall  extend  to  the  whole  in- 
vention and  not  alone  to  the  specific  thing  shown,  that  that  is 
understood  whether  set  out  or  not.*  Assuming  that  there  is 
no  unnecessary  limitation  in  the  patent,  its  inter jiretation  de- 
pends on  what  the  invention  consists  of.  If  the  invention  is  a 
broad  invention,  the  court  is  going  to  do  its  best  to  give  it  a 
broad  interpretation,  and  if  there  is  nothing  in  the  specification 
or  claims  to  ^jreye^^f  that  broad  interpretation,  the  court  will 
give  it,  even  though  the  patentee  does  not  state  positively  that 
he  wants  that  broad  interpretation.  If  he  points  out  in  his  spe- 
cification that  his  invention  is  limited  to  some  particular  thing, 
then  the  court  would  have  to  construe  it  to  cover  only  that 
particular  thing  ;  but  he  need  not  go  clear  out  of  his  way  to  set 
up  all  the  modifi-cations  that  occur  to  him,  and  every  time  he 
mentions  a  thing  to  say  that  it  is  simply  preferably  this,  and 
something  else  can  be  substituted,  and  all  that,  because  the 
law  considers  that  the  thing  that  he  shows  is  simply  the 
preferable  form,  and  when  he  describes  that  form,  the  court  will 
consider  it  an  illustration  of  all  that  may  be  covered,  and,  if  the 
prior  art  does  not  show  anything  to  prevent  it,  they  will  give 
the  patent  an  interpretation  commensurate  with  his  real  inven- 
tion. At  the  same  time,  if  the  attorney  sees  that  certain  things 
are  non-essential,  it  is  undoubtedly  desirable  to  set  out  that 
they  are  non-essential,  but  I  do  not  think  it  is  to  the  extent  of 
setting  up  all  the  different  modifications  that  come  in.  A  short 
statement  of  the  invention,  and  what  constitutes  the  essential 
parts  and  broad  claims,  ought  to  answer  the  jjurpose  fully,  even 
though  the  rest  of  the  specification  is  purely  descriptive  of  the 
thing  shown,  but  any  unnecessary  suggestion  that  the  form 
shown  is  the  essential  form  should  be  avoided. 

Mr.  See  covers  the  ground  so  well  in  his  article  that  I  cannot 
do  more  than,  perhajjs,  clinch  a  few  of  the  nails  that  he  has 
driven,  and  possibly  loosen  up  one  or  two  that  he  has  driven, 
as  I  think,  too  tightly. 

The  author  says  that  a  caveat  does  nothing  that  an  application 
does  not  do.  That  is  reasonably  true  if  the  invention  is  per- 
♦Wiuans  vs.  Denmead,  15  How.,  330.- 
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I'ected,  but  frequently  one  does  not  have  the  invention  perfected ; 
you  have  the  <i;ist  of  the  idea,  and  so  on,  but  you  have  not  ^ot 
it  worked  out  in  an  operative  form,  and  if  you  apply  for  a  patent 
ou  that,  the  Patent  Ofhco  very  likely  will  hold  that  it  is  so  in- 
formal that  they  will  not  give  it  an  examination  ;  whereas,  if  you 
put  in  a  caveat  they  look  very  liberally  to  the  explanation,  etc., 
and  if  anybody  else  files  a  later  application  that  would  inter- 
fere with  your  invention,  the  office  will  notify  you,  that  you  may 
file  a  proper  application  and  be  put  in  interference  with  it.  I 
know  of  a  case  where  an  inventor  was  advised  to  file  an  aj^pli- 
cation  instead  of  a  caveat,  and  the  Office  said  that  his  machine 
w'as  inoperative  and  they  Avould  not  give  it  consideration  until 
new  drawings  were  filed.  The  inventor  went  ahead  and  got  up 
a  commercial  machine  and  delayed  filing  his  new  drawings  and 
description  until  the  machine  was  completed,  and  meanwhile 
somebody  else  filed  an  application,  and  he  did  not  know  any- 
thing about  it  until  a  couple  of  years  afterwards  ;  whereas,  if  he 
had  filed  a  caveat,  the  Office  would  not  have  hung  the  matter  up 
for  formal  objection,  and  he  would  have  discovered  his  true 
status  promptly.  There  is  another  disadvantage  in  filing  an 
application  for  caveat  purposes  ;  that  is,  that  there  is  always  the 
temptation  in  saving  expense,  to  complete  it  into  a  patent,  and 
thereby  get  a  much  poorer  patent  than  if  you  let  it  go  as  a 
caveat.  The  use  of  caveats  is  undoubtedly  very  limited,  but 
these  are  cases,  it  seems  to  me,  where  it  is  a  good  thing  to  file 
them. 

Mr.  See's  remarks  on  hurried  ajiplications  I  think  will  bear 
a  little  qualification.  I  refer  to  his  suggestion  that  if  an  inven- 
tion is  a  short-lived  invention  to  get  it  patented  immediately, 
otherwise  to  delay  nearly  the  period  of  two  years  before  patent- 
ing it.  There  is  always  danger  in  the  process  of  delay,  for  the 
reason  that  somebody  else  may  come  in  and  get  a  patent,  and 
although  you  can  have  an  interference  with  a  patent^  your 
chances  are  not  as  good  as  with  a  pending  application,  for  this 
reason :  if  there  are  two  applications  pending  in  the  Office  at 
the  same  time,  the  Office  will  simply  give  the  preference  to  the 
one  that  is  earlier,  throwing  the  burden  of  proof  on  the  other  ; 
whereas,  if  the  patent  is  issued,  the  public  has  notice  that  that 
patentee  is  the  owner  of  that  invention,  and  they  have  a  right 
that  that  patent  shall  not  be  lightly  overthrown.  Hence  it 
follows  that  it  takes  a  good  deal  more  proof  to  overthrow  a 
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jiatent  than  an  earlier  applicatiou.  Therefore  it  seems  to  me 
that  as  soon  :is  the  iuveutioii  is  substaiitiall}^  completed,  so  that 
you  know  what  you  want,  the  thing  to  do  is  to  apply  for  a  pat- 
ent right  away  and  not  wait  for  the  two  years.  There  are  some 
inventions  which  are  as  valuable  seventeen  years  from  now  as 
they  are  now,  but  mosi  inventions  are  not,  and  the  difference 
between  a  sixteen  and  a  seventeen  year  patent  makes  very  little 
difference  in  the  majority  of  cases. 

What  Mr.  See  says  about  stealing  inventions  I  think  is  very 
good.  Likewise  the  matter  under  several  of  the  following 
headings : 

There  is  a  great  deal  of  misunderstanding  about  the  riglits 
of  joint  inventors.  In  fact  the  law  is  not  absolutely  settled 
on  the  point.  But  the  public  usually  thinks  that  if  one  man 
owns  one-tenth  of  an  invention  and  another  man  owns  nine- 
tenllis,  that  they  share  all  right  in  proportion  of  one  to  nine. 
That  is  not  so.  The  man  who  has  one-tenth  has  the  same 
right  to  use  the  patent  as  the  man  Avho  owns  nine-tenths.  He 
has  the  same  right  to  license  others.  The  nine-tenths  man  can- 
not enjoin  his  licensees,  and  they  have  as  much  right  as  the 
licensees  of  the  man  with  nine-tenths.  The  probability  is  that 
the  nine-tenths  man  cannot  compel  the  one-tenth  man  to  pay  over 
anything  that  he  has  received  from  licensing,  but  that  point  is 
not  absolutely  decided.  The  trend  of  the  decision,  however,  is 
that  each  man  may  use  the  patent  as  he  sees  fit  and  to  the  best 
of  his  ability,  and  put  in  his  time  and  money,  and  be  entitled  to 
whatever  he  can  get  out  of  it,  and  if  one  man  goes  ahead  and 
licenses  every  Tom,  Dick,  and  Harry  in  the  neighborhood,  the 
only  recourse  of  the  other  man  is  to  go  to  some  other  neighbor- 
hood and  license  every  Thomas,  Richard,  and  Henry  there. 

Mr.  See's  remark  not  to  be  satisfied  with  a  claim  if  there  is 
seen  any  way  to  get  round  it,  of  course  only  applies  to  funda- 
mental inventions,  because  most  inventions  are  not  entitled  to 
any  such  broad  claims  that  there  is  not  a  way  to  get  around 
them. 

As  to  showing  modifications,  there  is  this  to  be  borne  in 
mind,  that  where  a  man  has  a  broad  invention,  he  may  see  a 
whole  lot  of  modifications  w^iich  in  themselves  are  inventions, 
and  he  may  not  think  it  worth  while  to  patent  them  separately, 
but  he  may  not  want  anybody  else  to  do  it.  Hence,  if  he  shows 
his  particular  invention  and  then  all  these  different  modifications, 
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even  though  it  is  only  his  broad  daim  that  covers  them,  still  if 
that  broad  claim  should  be  knocked  out  and  he  is  not  able  to  hold 
those  niodilications,  they  are  shown  there  and  ever}'  one  else  is 
prevented  from  covering  them.  It  is  perhaps  a  little  embarrass-* 
ing  when  it  comes  to  a  suit  on  an  invention  to  find  that  a  part  of 
the  thing  shown  in  the  patent  is  old,  while  another  part  that  has 
been  treated  as  a  modification  is  not  old,  and  have  to  distinguish 
between  them,  but  at  the  same  time  it  can  be  done  all  right.  All 
the  patentee  has  to  do  is  to  disclaim  one  part,  and  he  is  not 
stopped  from  claiming  that  what  is  left  is  a  different  thing  from 
Avhat  is  shown.  But  if  the  modifications  are  simply  mere  modi- 
fications which  are  not  of  distinct  scope,  so  that  it  would  be  no 
invention  to  make  them  in  view  of  the  main  thing  shown,  it  is 
certainly  superfluous  to  show  them,  and  they  had  better  be 
omitted,  for,  as  Mr.  See  says,  they  can  be  no  good  and  may 
embarrass  the  patent.  But  where  the  modifications  are  them- 
selves subinventions  of  the  main  invention  claimed,  I  think  it  is 
a  good  thing  to  show  them,  so  as  to  prevent  somebody  else  from 
patenting  them  later. 

As  to  the  Government  defence  of  patents,  it  is  frequently 
urged  by  people  that  the  Government,  if  it  grants  a  patent, 
ought  to  protect  it.  But  it  is  simply  a  question  of  money.  You 
pay  tlie  Government  $35  for  a  patent,  and  the  Government  gives 
you  all  it  can  afford  to  give  for  |35.  If  the  Government  was  to 
guarantee  patents  and  take  the  responsibility  of  their  always 
being  valid,  it  would  have  to  charge  an  enormous  sum.  The 
result  would  be  that  every  man  who  wanted  a  patent  would 
have  to  pay  perhaps  a  thousand  dollars  for  his  patent  no  matter 
what  it  was  on,  and  when  its  validity  was  unquestioned.  But 
now  you  only  pay  the  expense  consequent  on  getting  the  patent, 
and  with  those  j)atents  which  do  not  have  their  validity  tested 
there  is  no  other  expense,  and  those  that  do  have  their  validity 
tested  bear  the  expense  that  is  consequent  upon  it.  So  I  think 
that  Government  defence  of  a  patent  is  out  of  the  question.  It 
is  better  to  go  to  the  courts  and  let  those  who  are  benefited  stand 
the  expense. 

On  the  question  of  foreign  patents,  there  is  an  oversight  in 
Mr.  See's  paper  in  the  statement  that  "  in  America  the  patent 
expires  with  the  term  of  the  first  expiring  previously  granted 
foreign  patent."  That  was  true  up  to  the  first  of  last  January. 
But  we  now  have  a  law  that  renders  tlie  United  States  patent 
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iutlepenclent  of  the  foreign  patents,  and  hence  there  is  not  the 
trouble  that  there  used  to  be.  Formerly  if  the  patent  in  Eng- 
land was  published  to-day,  and  the  United  States  patent  came 
out  to-morrow,  the  United  States  patent  Avould  run  fourteen 
years  instead  of  seventeen.  That  is  no  longer  the  case.  The 
requirement  now  is  that  the  application  in  this  country  must  be 
filed  not  later  than  seven  months  after  any  foreign  application, 
but  outside  of  that  there  is  no  term  limitation. 

Mr.  See's  remarks  as  to  foreign  patents  being  usually  a  waste 
of  money,  etc.,  I  think  are  very  true,  with  some  exceptions.  In 
England  there  is  no  requirement  for  working  the  invention. 
The  taxes  do  not  begin  until  the  end  of  the  fourth  year,  and 
they  are  not  very  large  then.  You  are  dealing  in  the  English 
language  and  the  customs  and  methods  of  trade  are  compara- 
tively familiar,  and  an  English  patent  is  very  frequently  valua- 
ble and  very  frequently  easy  to  handle.  But  in  the  other  Euro- 
pean countries  where  the  languag3  is  different  and  you  have 
difficulty  in  getting  into  communication  with  the  people,  where 
there  is  a  requirement  that  the  invention  must  be  worked  in 
the  country  within  two  or  three  years,  and  where  the  taxes  come 
due  every  year,  the  great  probability  is  that  it  will  cost  a  good 
deal  more  than  you  will  get  out  of  it.  The  probability  is  that 
you  will  not  be  able  to  dispose  of  the  patent,  and  you  will  have 
some  nominal  sort  of  working  to  keep  it  up  for  three  or  four 
years,  and  then  get  tired  and  stop.  That  is  the  usual  result,  I 
think,  of  European  patents,  with  the  exception  of  England.  But 
in  England,  on  account  of  the  language  being  the  same,  and 
because  there  is  no  working  requirement,  and  you  have  more 
time  before  the  taxes  begin,  I  think  patents  very  frequently 
result  beneficially. 

In  Canada,  the  patent  will  prevent  your  sending  goods  from 
the  United  States  into  Canada  after  a  year  (or  at  most  after  two 
years,  if  the  time  is  extended),  and  very  frequently  that  is  more 
disadvantageous  to  a  man  than  the  patent  in  Canada  is  an  ad- 
vantage. If  his  factory  is  here,  he  usually  wants  to  make  here 
and  sell  in  Canada ;  but  if  he  does  so  it  invalidates  his  Cana- 
dian patent.  If  he  wants  to  manufacture  over  there,  however, 
he  can  get  the  time  for  making  extended  periodically  for  quite 
a  time.  The  law  says  he  shall  work  it  within  two  years  unless, 
for  cause  shown  to  the  satisfaction  of  the  commissioner,  that 
time  is  extended.     I  have  in  mind  one  patent  where  we  got  the 
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time  extended  up  to  five  years.  It  is  on  its  fifth  year  now.  The 
cause  we  showed  to  the  commissioner  was  that  the  inventor 
was  financially  unable  to  work  it  in  Canada,  and  the  commis- 
sioner granted  the  extension.  There  are  no  taxes  there  until 
the  end  of  six  years.  So  that  what  Mr.  See  says  does  not  apply 
to  Canada  with  the  same  force  that  it  does  to  the  other  coun- 
tries. But,  Avitli  the  exception  of  England  and  Canada,  I  think 
that  what  he  says  is  correct. 

We  very  frequentl}'  hear  it  said,  as  if  it  were  a  slur  on  the 
patent  system,  that  one  can  get  any  little  thing  patented.  Now 
it  ought  to  be  borne  in  mind  that  the  patent  one  gets  is  no  larger 
than  the  invention.  If  it  is  an  invention  of  a  limited  character 
the  patent  is  correspondingly  limited,  and,  in  manufacturing 
the  device,  it  may  be  easier  to  avoid  the  patent  than  it  is  to  in- 
fringe it.  A  man  gets  up  a  little  bit  of  an  invention — a  bicycle 
wrench,  for  instance.  He  gets  a  patent  on  that  which  is  limited 
to  the  specific  form  of  wrench  which  he  uses.  The  Patent  Office 
thinks  there  may  be  invention  in  it,  and  they  will  solve  the 
doubt  in  his  favor.  Bu.t  there  is  no  harm  done  to  the  public, 
because  if  that  wrench  is  not  an  advantage  they  will  not  use  it ; 
they  will  use  some  other  style  of  wrench.  Hence  it  does  not 
seem  to  me  it  is  any  detriment  to  have  things  of  small  in- 
vention patented.  If  a  thing  is  so  essential  that  it  is  the  only 
thing  that  will  do  the  work,  a  man  ought  to  have  a  broad  patent 
and  cover  everything.  On  the  other  hand,  if  it  is  a  little  bit  of 
an  invention  there  is  no  harm  in  letting  him  have  a  little  bit  of 
a  patent. 

J/r.  W.  W.  Yarney. — I  have  examined  with  care  the  paper  by 
Mr.  See  on  patents.  With  one  or  two  minor  criticisms  I  must 
say  that  the  paper  is  one  of  the  most  concise  and  accurate  state- 
ment of  the  headings  treated  which  I  have  ever  seen,  and  would 
urge  upon  members  of  the  Society  at  all  interested  in  the  sub- 
ject of  patents  to  read  every  word  carefully. 

Under  the  heading  "Stealing  Inventions,"  I  would  like  to 
put  out  a  suggestion  which  is  followed  by  many  inventors,  and 
that  is,  when  you  think  of  an  idea  make  a  sketch  of  it  at  once, 
no  matter  how  crude  or  how  insignificant  you  may  think  the 
invention  is  at  the  time,  show  it  to  some  one  who  understands 
it,  explain  it  to  him  thoroughly,  have  him  sign  his  name  as  a 
witness  and  the  date  that  you  showed  it  to  him ;  this  kind  of 
evidence  will  help  you  amazingly  in  interference  proceedings. 
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Under  the  heading  "  Combination  Claims,"  the  matter  there 
ought  to  be  carefully  studied  ;  almost  nine  out  of  ten  patents  are 
practically  worthless  on  account  of  containing  too  many  ele- 
ments. 

Under  the  heading  of  "  Employers'  Eights,"  the  text  seems  to 
be  accurately  drawn,  but  in  one  or  two  points  it  appears  to  me, 
in  the  example  given,  possibly  misleading. 

I  give  here  a  brief  extract  from  a  Supreme  Court  decision 
bearing  upon  this  point : 

Solomon  ^v^?.  United  States'  137  U.  S.,  345  (U.  S.  Supreme 
Court).  "  The  case  presented  by  the  foregoing  facts  is  one  not 
free  from  difficulties.  The  Government  has  used  the  invention 
of  Mr.  Clark,  and  has  profited  by  such  use.  It  was  an  invention 
of  value.  The  claimant  and  appellant  is  the  owner  of  such 
patent,  and  has  never  consented  to  its  use  by  the  Government. 
From  these  facts,  standing  alone,  an  obligation  on  the  part  of 
the  Government  to  pay  naturally  arises.  The  Government  has 
no  more  power  to  appropriate  a  man's  property  invested  in  a 
patent  than  it  has  to  take  his  property  invested  in  real  estate  ; 
nor  does  the  mere  fact  that  an  inventor  is  at  the  time  of  his 
invention  in  the  employ  of  the  Government  transfer  to  it  any 
title  to  or  interest  in  it.  An  employee,  performing  all  the  duties 
assigned  to  him  in  his  department  of  service,  may  exercise  his 
inventive  faculties  in  any  direction  he  chooses,  with  the  assur- 
ance that  whatever  invention  he  may  thus  conceive  and  perfect 
is  his  individual  property.  There  is  no  difference  between  the 
Government  and  any  other  employer  in  this  respect.  But  this 
general  rule  is  subject  to  these  limitations.  If  one  is  employed 
to  devise  or  perfect  an  instrument,  or  a  means  for  accomplish- 
ing a  prescribed  result,  he  cannot,  after  successfully  accom- 
plishing the  work  for  which  he  was  employed,  plead  title  there- 
to against  his  employer.  That  which  he  has  been  employed 
and  paid  to  accomplish  becomes,  when  accomplished,  the  prop- 
erty of  his  employer.  Whatever  rights  as  an  individual  he  may 
have  had  in  and  to  his  inventive  powers,  and  that  which  they 
are  able  to  accomplish,  he  has  sold  in  advance  to  his  employer. 
So,  also,  when  one  is  in  the  employ  of  another  in  a  certain  line 
of  work,  and  devises  an  imj^roved  method  or  instrument  for 
doing  that  work,  and  uses  the  property  of  his  employer  and  the 
services  of  other  employees  to  develop  and  put  in  practicable 
form  his  invention,  and  explicitly  assents  to  the  use    his  by 
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employer  of  such  invention,  a  jury,  or  a  court  trying  the  facts, 
is  warranted  in  finding  that  he  has  so  fai-  recognized  the  obliga- 
tions of  service  flowing  from  his  emj^loyment  and  tlie  benefits 
resulting  from  his  use  of  the  property,  and  the  assistance  of  the 
coemployees  of  his  employer,  as  to  have  given  to  such  employer 
an  irrevocable  license  to  use  such  invention." 

It  appears  to  me  from  the  above  that  in  the  last  case  given  in 
Mr.  See's  illustration,  that  not  only  would  the  shop-owner  have 
an  irrevocable  shop  right,  but  would  be  absolute  owner  of  the 
invention  and  could  compel  the  inventor  to  assign  him  the 
patent  if  he  should  patent  it. 

Under  the  heading  "  New  Purpose,"  page  625,  the  text  is  ac- 
curately and  very  clearly  drawn,  but  thinking  that  possibly  it 
might  mislead  some,  I  want  to  call  attention  to  process  patents 
in  which  the  same  machine  might  be  used  to  do  one  thing  for 
which  it  was  applicable,  but  could  not  be  used  to  do  another 
thing  for  which  it  might  also  be  applicable. 

To  illustrate:  A  bread-kneading  machine  may  be  patented 
and  capable  of  thoroughly  mixing  bread,  {.  e.,  of  thoroughly 
mixing  water,  salt,  yeast,  and  flour  ;  it  might  also  be  capable  for 
use  as  a  mortar-mixing  machine,  but  some  one  else  might  have 
a  process  patent  on  the  mixing  of  mortar,  i.  e.,  the  jDrocess  of 
mixing  lime,  sand,  and  water  together.  Now  obviously  the  owner 
•  of  the  bread-mixing  machine  could  not  use  the  machine  for 
mixing  mortar,  even  if  his  machine  was  capable  of  such  use, 
otherwise  he  would  infringe  the  mortar  process  patent ;  there- 
fore the  last  clause  of  Mr.  See's  paragraph,  viz.,  "An  inventor 
is  entitled  to  all  the  capabilities  of  his  invention,"  might  possi- 
bly have  added,  "but  cannot  use  his  invention  to  infringe  other 
persons*  processes." 

Under  the  head  of  "Foreign Patents," page  641,1  find  this:  "And 
in  America  the  patent  expires  with  the  term  of  the  first  expir- 
ing previously  granted  foreign  patents,"  and  allowing  thereafter 
the  method  of  procedure  concerning  the  obtaining  of  foreign 
patents  in  conjunction  with  United  States  patents. 

A  year  ago  that  was  good  law  and  advice,  and  doubtless  Mr. 
See,  in  preparing  his  paper,  overlooked  the  fact  that  the  Fifty- 
fourth  Congress  amended  Section  4887  of  the  Revised  Statutes, 
which  read  as  follows  : 

"  No  person  shall  be  debarred  from  receiving  a  patent  for  his 
invention  or  discovery,  nor  shall  any  patent  be  declared  invalid 
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bv  reason  of  it  having  been  first  patented  or  caused  to  be  pat- 
ented in  a  foreign  country,  unless  the  same  has  been  introduced 
into  public  use  in  the  United  States  for  more  than  two  years 
prior  to  the  application.  But  every  patent  granted  for  an  in- 
vention which  has  been  previously  patented  in  a  foreign  country 
shall  be  so  limited  as  to  expire  at  the  same  time  with  the  for- 
eign patent,  or,  if  there  be  more  than  one,  at  the  same  time  with 
the  one  having  the  shortest  term,  and  in  no  case  shall  it  be  in 
force  more  than  seventeen  years," 

To  read  as  follows,  which  is  now  the  law  : 

"  No  person  otherwise  entitled  thereto  shall  be  debarred  from 
receiving  a  patent  for  his  invention  or  discovery,  nor  shall  any 
patent  be  declared  invalid  by  reason  of  its  having  been  first  pat- 
ented or  caused  to  be  patented  by  the  inventor  or  his  legal 
representatives  or  assigns  in  a  foreign  country,  unless  the  appli- 
cation for  said  foreign  patent  was  filed  more  than  seven  months 
prior  to  the  filing  of  the  application  in  this  country,  in  which 
case  no  patent  shall  be  granted  in  this  country. 

"  To  take  effect  on  the  first  day  of  January,  1898." 

Hence  the  only  limitations  we  now  have  concerning  foreign 
patents  in  their  effect  upon  United  States  patents  is  : 

"Unless  the  application  for  said  foreign  patent  was  filed 
more  than  seven  months  prior  to  the  filing  of  the  application  in 
this  country,"  and  a  clause  concerning  this  point  is  now  required 
by  the  Patent  Office  in  the  oath  made  by  applicants. 

I  submitted  Mr.  See's  paper  and  my  remarks  to  my  old  class- 
mate and  brother  solicitor  of  Baltimore,  Mr.  George  C.  Morri- 
son, and  requested  him  to  reduce  his  comments  to  writing,  and 
you  will  notice  that  he  takes  the  opposite  view  concerning  em- 
ployees' rights  from  what  I  do  : 

May  26,  1898. 
WiLijAM  W.  Varxet,  Esq., 

118  E.  Lexington  St.,  Citt. 

My  dear  Mr.  Varney:  I  have  read  'Sir.  Seft's  very  excellent  epitome  of  patent 
law  and  practice  with  a  great  deal  of  pleasure,  and  1  hope  profit. 

I  agree  most  heartily  with  what  you  say  alx)ut  the  advisability  of  establish- 
ing a  definite  date  of  discovery.  I  myself  know  of  several  cases  that  have  come 
very  near  to  being  lost  for  want  of  some  such  procedure  as  you  suggest. 

As  to  the  question  of  an  estoppel  as  against  an  employee.  It  has  always 
seemed  to  me  that  this  question  of  employers'  rights  rested  entirely  upon  the 
question  of  contract.  Of  course  in  almost  every  case  the  contract  would  have  to 
be  verbal  or  implied  to  admit  of  controversy,  still  the  recovery  or  decision  has 
always  seemed  to  me  to  have  been  based  upon  the  contract  which  the  court  was  able 


PATENTS.  655 

to  extract  from  the  evidence.  For  instance,  using  Mv.  See's  illustration,  if  the 
ingenious  carpenter  so  employed  performed  his  labor  under  a  general  contract  to 
do  the  best  he  could,  and  while  so  employed  made  certain  improvements  which 
he  incorporated  into  his  employer's  work,  I  do  not  think  that  the  employer's 
license  would  extend  beyond  the  actual  articles  constructed  by  the  said  employee. 
I  do  not  think  that  the  employer  would  even  have  the  right  to  employ  others  to 
utilize  his  first  employee's  ideas,  even  during  his  term  of  employment,  without 
his  consent,  express  or  implied.  An  implied  consent  might  of  course  be  pre- 
sumed from  a  failure  to  object.  1  do  not  think  that  the  employer  can  secure  any 
right  not  voluntarily  given  him  by  his  employee.  On  the  other  hand,  the  license 
once  given  cannot  be  recalled.  This  is  the  point  upon  which  most  of  the  cases 
have  turned.  The  employee,  to  curry  favor  with  his  employer,  has  introduced 
Ilia  invention  into  his  employer's  business,  and  has  allowed  the  employer  to 
make  free  use  of  it.  Then,  upon  leaving  his  former  employer,  he  has  tried  to 
withdraw  his  former  implied  consent  to  use,  and  has  been  denied  that  privilege 
by  the  courts.  From  this  has  arisen  the  doctrine  of  what  might  be  called 
"  Employers'  rights  by  accretion,"  a  doctrine  which  I  believe  to  be  wrong. 

Of  course  it  is  undoubted  that  if  I  employ  a  man  on  the  ground  that  he  has 
inventive  genius,  and  agree  to  give  him  so  much  salary,  provided  I  am  to  receive 
the  product  of  his  brain,  I  am  entitled  to  receive  that  proJuct,  whether  it  be 
invention  or  something  else.  The  whole  thing  seems  to  be  governed  by  the 
principles  of  contract,  and  nothing  else.  If  you  have  time  you  might  look  at  the 
cases  of  McClurg  vs.  Kingsland,  1  How.,  202,  and  Whiting  is.  Graves,  3  Bann.  & 
A.,  222.     Thanking  you  for  the  privilege  of  reading  Mr.  See's  paper,  I  am, 

Very  truly  yours, 

George  C.  Morrison. 

3Ir.  Ezra  Fawcett. — The  paper  presented  is  a  very  elaborate 
digest  of  patent  law,  and  seems  to  give  a  clear  version  of  the 
aims  and  objects  of  equitable  patents.  Some  recent  issues  and 
decisions,  especially  some  electrical  patents,  such  as  the  "  fun- 
damental transformer  "  (whicli  has  been  in  text-books  over  forty 
years  to  m}-  knowledge),  and  others,  questionable,  which  are 
common  "  shop  kinks,"  seem  to  belong  to  a  class  different  from 
those  discussed  by  the  author  of  the  j^aper.  The  many  patent 
solicitors  who  get  up  specifications  on  the  "  no  patent  no  pay  " 
plan  frequently  make  them  so  vague  that,  as  the  saying,  is  it 
would  take  a  "  Philadelphia  lawyer  "  to  get  at  the  special  point 
claimed.  For  instance,  I  myself  have  a  patent  on  a  shaft  gov- 
ernor about  which,  from  the  reading  of  the  specifications,  one 
not  familiar  with  that  particular  governor  could  not  tell  any- 
thing, except  in  a  vague  way. 

Mr.  C.  W.  Baker. — The  only  criticism  that  I  can  make  upon 
Mr.  See's  paper  is  that  perhaps  he  has  made  it  a  little  too  tech- 
nical for  most  mechanical  engineers,  who  know  very  little  of 
patent  law.  I  believe  it  is  an  excellent  thing  for  every  mechan- 
ical engineer  to  know  all  he  can  on  the  subject  of  patents,  pro- 
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vided  lie  does  not  attempt,  on  the  strength  of  slight  knowledge, 
to  act  as  his  own  patent  solicitor, 

I  wish  that  Mr.  See  had  laid  more  stress  on  some  of  the  very 
simpler  matters  about  which  comparatively  few  engineers  are 
as  well  informed  as  they  should  be,  and  especially  the  matter 
of  preliminary  examinations.  It  is  not  generally  known  how 
eas}^  it  now  is  to  make  a  fairly  thorough  search  of  the  prior 
state  of  the  art  in  any  invention,  through  the  classification  which 
the  Patent  Oflice  has  adopted,  and  which  should  be  in-  every 
mechanical  engineer's  library.  Anyone  can  get  the  pamphlet 
containing  this  classification  by  sending  ten  cents  to  the  Com- 
missioner of  Patents.  The  question  which  is  continually  com- 
ing up  in  every  manufacturing  establishment  and  in  the  practice 
of  most  engineers  is  :  Is  this  or  that  scheme  new  ?  Can  it  be 
patented  ?  Has  it  been  patented  in  any  form  ?  Now,  by  taking 
this  ofiicial  classification  and  finding  in  it  the  sub-class  under 
which  the  invention  probably  belongs  (and  I  think  in  nine  cases 
out  of  ten  you  can  determine  this  with  reasonable  certainty), 
and  then  sending  to  the  Patent  Office  at  Washington  the  sum  of 
three  cents  for  each  of  the  patents  in  that  sub-class,  you  will  be 
able  to  obtain  the  complete  state  of  the  art  so  far  as  United 
States  patents  are  concerned.  With  the  average  new  idea  which 
occurs  to  the  average  man  I  think  in  most  cases  he  will  find 
that  his  idea  has  been  anticipated  when  he  looks  over  these 
prior  patents,  and  will  be  saved  the  expense  of  applying  for  a 
patent  on  a  device  which  is  not  novel.  On  the  other  hand,  if  he 
finds  on  looking  over  these  patents  that  his  idea  is  novel,  he 
will  very  likely  get  some  valuable  hints  as  to  what  others  have 
done  in  the  same  field,  which  will  greatly  assist  him  in  perfect- 
ing his  own  idea.  Further,  if  he  decides  that  it  is  worth  while 
to  proceed  with  his  apj^lication  for  a  patent,  the  knowledge  of 
what  previous  patentees  have  already  covered  will  be  of  very 
great  assistance  in  drafting  the  specification  and  claims  so  that 
he  may  most  perfectly  protect  his  invention. 

Mr.  Bates. — This  matter  of  preliminary  examination  is  one  of 
considerable  importance  in  respect  to  saving  expense  to  the 
inventor.  The  members  of  this  Society  would  undoubtedly,  by 
getting  sub-classes,  understand  them,  but  most  inventors  could 
not ;  most  inventors  would  get  those  sub-classes  and  would  not 
know  any  more  than  they  did  before.  They  would  pay  perhaj)s 
$3  for  a  hundred  patents  and  could  not  tell  what  they  showed 
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and  what  tliey  did  not.  I  think  it  is  considerably  more  than 
one  invention  in  ten  that  is  not  in  any  specific  sub-class.  Ther}^ 
are  liable  to  rnn  over  three  or  four  sub-classes,  or  more,  and  it 
has  been  my  experience  tliat  ordinarily  it  is  a  good  deal  more 
satisfactory  to  have  a  representative  in  Washington  to  go  over 
to  the  Patent  Office  and  search  through  the  sub-class  where  he 
thinks  the  thing  would  probably  be,  and  if  he  does  not  find 
anything  like  it,  to  search  through  other  allied  sub-classes,  than 
it  is  either  to  try  to  buy  all  the  sub-classes  or  to  buy  those  of 
the  particular  sub-class  that  the  invention  relates  to. 

In  regard  to  this  question  of  new  purpose,  wdiich  Mr.  See 
speaks  of,  and  which  was  brought  out  by  another  paper,  al- 
though it  is  the  general  rule  that  you  cannot  get  a  new  inven- 
tion by  turning  an  old  machine  to  a  new  use,  that   must  be 
taken  with  an  explanation.     If  it  is  transferred  to  an  entirely 
different  art,  the   courts  have  held  that  a  very  slight  change, 
wdnch  in  the  same  art  would  not  amount  to  anything  at  all,  may 
confer  patentable  novelty  on  it.     In  a  recent  case  on  a  patent 
on   a  clay  disintegrator  there  was  cited   an    old  machine  for 
polishing  wood  which  embodied  the  reconstruction  of  the  patent, 
except  in  having  certain  parts  of  glass  instead  of  steel,  and  the 
court  below  held  that  that  was  an  anticipation,  but  the  Supreme 
Court  said  that  it  was  not ;  that  the  arts  were  so  dissimilar  that, 
even  though  the  change  was  very  slight,  there  would  still  be 
invention  in  taking  that  old  wood-polishing  machine  and  chang- 
ing it  so  that  it  would  do  for  disintegrating  clay.*     Thus   it 
sometimes  comes  down  to  the  point  that  the  art  is  so  very  dis- 
similar that  what  is  really  the  same  structure  or  process  may 
be  patented  again,  when  limited  to  the  new  use.     There  is  a 
case  I  call  to  mind,  when,  against  the  patent  on  the  sand  blast 
for  etching  on  glass,  there  wa5  set  up  a  patent  showing  a  sand 
blast  on  a  locomotive  for  scaring  cattle.     It  w^as  in  the  old  days 
when  trains  ran  slowly,  and  if  a  cow  got  on  the  track  they  blew 
sand  against  her ;  and  the  Judge  said  something  like  this:  "It 
is  gravely  contended  by  the  attorney  for  the  defence  that  the 
only  difference  between  this  invention  and  the  prior  patent  is 
that  in  this  case  the  sand  hit  glass,  and  in  the  other  case  it  hit 
a  cow.     Yerily  that  is  the  only  difference,  but  that  difference 
amounts  to  invention  " — and  he  held  the  patent  valid.t     So  it 

*  Potts  vs.  Creager,  155  U.  S.,  597. 
f  Tighlman  vs.  Morse,  9  Blatch.,  431. 
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may  sometimes  be  that  the  arts  are  so  very  dissimilar  that  it 
iuvolves  invention  to  see  that  yon  can  use  one  old  thing  for  a 
new  purpose. 

One  word  more  about  dating  drawings,  etc.  It  would  l)e  of 
a  great  advantage  to  all  inventors  if  every  time  they  made  an 
invention,  they  made  a  sketch  of  it,  and  wrote  their  name  on  it, 
and  put  the  date  on  it,  find  had  it  witnessed.  "When  it  comes 
to  a  contest,  memory  does  not  count  for  very  much.  You  can 
remember  that  you  had  a  certain  thing  at  a  certain  time,  and  it 
may  go  to  prove  that  you  had  it,  but  it  won't  prove  the  exact 
date  when  you  did  have  it ;  whereas,  if  there  is  a  drawing 
signed,  dated,  and  witnessed,  and  you  and  the  witnesses  swear 
it  was  signed  on  that  day,  you  have  a  fairly  good  case,  and  it 
would  be  hard  for  the  other  side  to  discredit  the  evidence.  I 
remember  a  remark  of  Mr.  Charles  F.  Brush  that  he  had  had 
a  hundred  interferences  in  the  Patent  Office  (perhaps  the  word 
"  hundred  "  was  used  to  mean  simply  a  large  number),  and  that 
he  won  them  all  but  one,  and  that  he  considered  that  the  reason 
he  had  been  so  successful  was  that  he  never  made  an  invention 
without  making  a  sketch  of  it,  and  having  it  witnessed  and 
signed  and  dated  and  filed  away.  So  he  always  had  the  proof 
for  every  invention  he  had  made,  which  resulted  very  beneficially 
in  his  cases. 

Mr.  Foster. — There  is  just  one  word  about  the  last  point  raised 
by  Mr.  Bates,  and  that  is  what  date  will  the  courts  and  the  Pat- 
ent Office  give  to  an  inventor  as  the  date  of  his  invention  ?  It  is 
an  unfortunate  thing  that  the  courts  of  the  United  States  change 
their  minds,  not  only  on  income  taxes  but  on  matters  connected 
with  patents.  For  a  long  time  the  courts  of  the  United  States 
followed  the  decision  in  Loom  Company  vs.  Higgins,  which  was 
to  the  effect  that  an  inventor  could  date  back  his  invention  to 
the  dats  when  he  made  his  first  sketch  and  description,  and  to  a 
certain  extent  that  is  still  adhered  to  ;  but  the  courts,  and  the 
Patent  Office  especially,  have  gradually  shifted"  their  ground 
until  now  they  generally  take  the  position  that  the  man  to 
first  make  the  actual  machine  is  the  first  inventor.  It  is  an 
unfortunate  thing ;  I  do  not  agree  with  it,  but  it  is  a  fact,  and  a 
fact  that  we  should  all  recognize  in  our  efforts  to  protect  inven- 
tions. Time  and  again  the  courts,  and  the  Patent  Office  lately, 
have  decided  as  between  two  parties,  where  one  made  a  drawing 
and  even  a  model,  that  these  acts  are  not  sufficient  to  defeat  the 
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later  party,  the  first  to  make  an  actual  macliiue.  I  have  in 
miud  a  case  where  one  of  the  members  of  this  Association  made  a 
drawing  and  a  model  of  a  switch-stand,  and  six  months  afterwards 
another  man  made  a  full-sized  switch  stand  ;  the  Patent  Office 
gave  the  patent  to  the  later  inventor  who  made  the  full-sized 
switch  stand ;  and  that  position  is  becoming  confirmed  more 
and  more.  There  is,  however,  a  wslj  of  avoiding  this  difficulty. 
The  courts  and  the  Patent  Office  recognize  that  the  date  of  the 
application  for  a  patent  is  constructive  reduction  to  practice  ;  so 
that  the  man  who  has  filed  his  application  is  considered  to  have 
reduced  the  invention  to  practice  first  against  the  other  who 
was  the  first  to  make  an  actual  machine,  but  later  than  the  ap- 
plication of  the  other  party.  This  shows  the  disadvantage  of 
applying  for  a  caveat.  It  costs  $10  for  a  fee  for  a  caveat  and 
but  $15  for  an  application.  If  a  man  files  an  application  he 
gets  that  date  as  a  date  of  construction  and  reduction  to  prac- 
tice as  much  as  if  he  made  a  machine  at  that  date.  No  such 
advantage  results  from  a  caveat.  The  apparatus  may  be  imper- 
fect. If  that  is  so,  the  inventor  can  let  the  application  lie.  It 
may  run  for  a  year  or  two.  In  the  meantime  he  may  perfect 
his  machine  and  then  file  another  application  and  take  patent 
out  on  that  application.  As  the  law  is  now  interpreted,  it  is 
certainly  of  very  great  advantage  to  get  the  application  into  the 
Patent  ( )ffice  at  the  earliest  possible  date. 

2Ir.  Alhree. — There  is  one  point  I  would  like  to  have  made  a 
little  clearer.  That  is  in  regard  to  the  right  of  an  employer  in 
an  employee's  invention,  whether  it  involves  simply  a  shop 
riglit  to  use  the  invention,  or  whether  it  is  broader  than  that 
and  gives  an  absolute  license  so  that  he  could  manufacture  the 
article  and  sell  it. 

J/r.  Foster. — That  depends  a  little  on  the  character  of  the 
invention.  If  the  invention  consists  in  a  machine,  for  instance, 
for  making  a  new  kind  of  buckle,  and  the  employee  and  inventor 
has  jDermitted  the  employer  to  make  a  machine  that  will  make 
the  buckles,  of  course  the  employer  is  entitled  to  use  that  ma- 
chine and  sell  the  buckles.  If,  for  instance,  it  is  a  puddling 
furnace,  the  employer  can  use  the  process  of  that  puddling  fur- 
nace, l)ut  he  cannot  transfer  the  right  to  use  the  machine  or 
process  or  sell  the  product  to  Siwy  other  party.  If  the  process 
of  puddling  involves  a  new  metal — assuming  that  we  should 
have  such  a  case — the  employer  that  has  the  right  to  use  the 
43 
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puddling  furnace  woukl  have  the  right  to  sell  the  metal.  It 
depends  a  great  deal"  ou  the  character  of  the  invention.  But 
the  thing  that  the  employer  made  with  the  consent  of  the 
employee  he  has  a  right  to  use,  and  if  it  results  in  a  product 
which  can  be  sold  he  has  a  right  to  sell  that  product  of  the  par- 
ticular machine  made  with  the  inventor's  consent. 

The  general  law  is  stated  in  Bobinson  on  Patents,  as  follows  : 

"An  employer,  simply  as  suet,  has  no  right  to  the  inventions  of  his  em- 
ployee. If  he  contracts  for  his  employee's  inventive  skill,  and  pays  him  for  its 
exercises  in  his  hebalf ,  he  may  thereby  become  the  equitable  owner  of  the  in- 
ventions which  result,  and  be  entitled  to  an  assignment  of  the  patents  when 
they  are  obtained.  If  their  agreement  is  that  the  employer  shall  have  the 
benefit,  or  the  exclusive  benefit,  of  the  invention  of  the  employee,  this  is  an 
express  license  to  the  employer  to  practise  the  inventions,  but  leaves  their  own- 
ership to  the  inventor.  But  where,  without  any  express  agreement  to  that  effect, 
an  employee  uses  the  time  and  tools  of  the  employer  in  making  an  invention, 
and  then  applies  it  practically  in  the  employer's  business,  the  law  implies  a 
license  to  the  employer  to  continue  his  enjoyment  of  the  invention,  even  after 
the  relations  between  himself  and  the  inventor  have  been  dissolved.  The  dura- 
tion of  his  license  in  such  cases  depends  ujjon  the  nature  of  the  invention.  If  it 
is  an  art  he  may  practice  it  until  the  original  term  of  the  patent  has  expired.  If 
it  is  an  article  he  may  use  it  until  it  is  worn  out,  and  repair  it  as  long  as  its 
identity  can  be  retained.  His  license,  however,  is  not  transferable  like  that  of  a 
purchaser  of  a  patented  article." 

Prof.  S.  W.  Bobinson. — There  is  one  point  that  is  often  over- 
looked in  these  cases  and  it  is  this  :  A  man  makes  au  invention 
and  applies  to  an  attorney  to  prepare  his  papers  and  present 
them  to  the  Patent  Office.  Suppose  that  attorney  delays  this 
work  six  months.  In  the  meantime  a  neighbor  comes  on  three 
months  after  the  first  man  has  made  his  application  to  the 
attorney  to  prepare  his  case,  and  makes  his  application  and  gets 
his  patent  ahead  of  the  man  who  really  made  the  inyeutiou — 
the  first  man  who  made  a  sketch  of  it,  etc.,  and  has  made  his 
application  through  a  patent  attorney.  I  wonder  if  there  is  any 
redress  for  that  individual. 

Jfr.  Bates. — I  knew  of  a  case  of  that  very  kind,  where  the 
attorney  held  the  application  up  for  six  months  before  filing. 
The  inventor  wrote  to  him  several  times  and  asked  him  why  he 
did  not  go  ahead  with  the  thing.  The  attorney  was  busy  about 
something  else,  and  he  did  not  go  ahead  with  it  for  six  months, 
and  it  got  into  interference,  and  the  Patent  Office  held  that 
there  was  negligence  on  the  inventor's  part  in  not  poking  the 
attorney  up  oftener,  or  in  not  taking  it  to  another  attorney ;  or, 
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in  other  words,  that  the  inventor  was  not  excused  from  the 
attorney's  negligence.  Although  he  had  been  the  first  to  con- 
ceive, he  was  held  negligent  in  reducing  it  to  practice.  He  had 
invented  it,  I  think,  a  couple  of  mouths  before  he  turned  it  over 
to  the  attorney,  and  then  the  attorney  held  it  up  for  six  months. 
It  was  a  thing  that  did  not  require  any  particular  time  to  reduce 
to  practice.  In  the  meanwhile  some  one  else  had  gotten  it  up 
a  little  later  than  he  did,  and  filed  his  application.  The  Patent 
Office  held  that  the  first  inventor  had  not  used  reasonable  dili- 
gence. As  I  understand  it,  the  law  is  that  the  first  to  reduce 
to  practice  is  entitled  to  the  jjatent,  provided  that  there  is  not 
an  earlier  man  to  conceive,  who  was  using  reasonable  diligence 
to  get  his  invention  reduced  to  practice.  Or,  to  state  it  another 
way,  the  man  first  to  conceive  is  entitled  to  the  patent,  unless 
some  one  later  to  conceive  gets  it  reduced  to  practice  first,  and 
the  first  man  did  not  use  reasonable  diligence  in  reducing  his 
invention.  But  that  question  of  reasonable  diligence  is  un- 
doubtedly being  held  more  and  more  rigidly  all  the  time,  and 
the  sound  policy  is  to  get  the  thing  reduced  to  practice  just  as 
quickly  as  you  can,  and  if  the  attorney  does  not  file  the  appli- 
cation as  soon  as  he  ought  to,  why,  the  best  expedient  I  know 
of  to  make  him  hurry  up  is  to  pay  him  in  advance ! 

3Ir.  James  W.  See.^ — Regarding  foreign  patents,  Messrs. 
Bates  and  Varney  are  quite  right  regarding  the  new  law.  Under 
the  new  law,  United  States  patents  will  not  be  granted  for  in- 
ventions sought  to  be  patented  abroad  more  than  seven  months 
before  seeking  the  United  States  patent,  but,  otherwise,  the 
foreign  patenting  has  no  efiect  on  the  United  States  patent. 
Now,  foreign  applications  must  not  antedate  United  States 
applications  more  than  seven  months,  and  United  States  patents 
should  not  antedate  foreign  patents  at  all. 

XOTE. — It  may  be  of  interest  in  connection  with  the  above  paper  to  call  atten- 
tion that  a  bill  is  pending  to  give  the  Patent  Office  an  increase  in  staff  and  appro- 
priation. It  provides  for  three  chief  examiners,  and  about  fifty  additional 
assistants  and  clerks.  This  is  the  first  increase  in  the  force  in  many  years 
I  am  informed  that  much  of  the  credit  for  this  undertaking  is  due  to  Mr.  Duell. — 
Secretaky. 

*  Author's  closure,  under  the  Kules. 
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BENDING   TESTS   OF  LOCOMOTIVE  STAY-BOLTS. 

BY  FRANCIS  J.   COLE,   PATERSON,   N'.  J. 

(Member  of  the  Society.) 

No  parts  of  a  locomotive  require  so  careful  and  systematic  in- 
spectioD,  to  maintain  tliem  in  a  safe-working  condition^  as  the  stay- 
bolts. 

Speaking  generally,  their  life,  that  is,  the  interval  which  elapses 
from  the  time  the  boiler  was  new  or  the  stay  renewed,  to  their 
fracture,  varies  from  about  one  to  five  years  or  longer.  Probably 
the  average  would  not  exceed  five  years  in  all  classes  of  engines. 
This  depends,  however,  upon  the  length  and  height  of  fire-box, 
steam  pressure,  size  of  boiler,  width  of  grate,  etc. 

The  stay-bolts  in  a  boiler  of  large  diameter,  with  the  fire-box 
between  the  frames  and  small  curves  or  radii,  connecting  the  cir- 
cular portion  with  the  vertical  sheets  of  the  fire-box  shell,  may 
always  be  exj^ected  to  have  a  shorter  life  than  in  a  boiler  of  the 
same  length  of  grate  but  of  smaller  diameter,  with  the  fire-box  on 
top  of  the  frames. 

-  As  modern  requirements  demand  large  boilei*s,  high  steam 
pressures,  long  fire-boxes,  etc.,  in  short,  the  very  conditions  which 
ought  not  to  exist  if  the  stay-bolt  alone  were  considered,  their  life 
may  reasonably  be  expected  to  be  shorter  than  in  the  past,  owing 
to  the  construction  necessary  for  heavier,  more  powerful  and 
economical  engines. 

The  stress  on  a  stay-bolt  produced  directly  by  the  steam  pres- 
sure, tending  to  force  the  two  sheets  apart,  is  a  comparatively 
small  factor  in  causing  its  fracture,  the  tensile  stress  alone  beiug 
only  |-  to  yV  of  the  ultimate  strength,  which,  if  not  complicated  by 
the  expansion  and  contraction  of  the  fire-box,  causing  bending  in 
addition,  would  in  itself  never  produce  a  fracture.  It  follows, 
then,  that  the  property  of  a  metal  to  resist  repeated  bendings  is 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American  So- 
ciety of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Trans- 
actions. 
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more  valuable  than  its  strength  to  resist  extension  or  fracture  in 
the  direction  of  its  length. 

Following  out  this  general  idea  that  stay-bolt  iron  should  be 
tested  for  bending  under  uniform  conditions  of  motion  and  rigidity 
with  the  usual  tests  for  ultimate  strength,  elongation  and  elastic 
limit,  a  number  of  different  makes  of  iron  were  tested  on  a 
machine  especially  designed  for  the  purpose.  These  tests  were 
made  by  the  writer  about  three  years  ago. 

In  designing  the  machine  two  features  were  kept  jDrominently 
in  view;  viz.,  to  make  the  machine  rigid  and  to  clamp  the  speci- 
men so  tightly  that  no  motion  would  take  place  in  the  fixed  end, 
and  at  the  same  time  to  strain  it  by  tension  in  imitation  of  the 
stress  produced  by  the  steam  pressure. 

Its  construction  is  so  clearly  shown  in  the  drawing  Fig.  156  and 
photographs  Figs.  157  and  158,  that  an  extended  description  will 
be  unnecessary. 

Although  the  machine  is  arranged  to  test  pieces  3,  6,  and  9 
inches  in  length,  the  tests  were  all  made  with  a  uniform  length  of 
6  inches,  measured  from  the  centre  of  the  bolt  to  the  face  of  the 
hardened  steel  die,  on  account  of  the  difficulty  experienced  in  ob- 
taining any  reliable  spring  pressure  with  the  bolt  shorter  than  6 
inches.  The  liner  used  in  the  machine  for  all  specimens  was  -^ 
inch  thick,  making  the  free  end  of  the  stay-bolt  describe  a  circle 
I  inch  in  diameter.  Great  care  was  taken  to  clamp  the  bolt  so 
securely  in  the  machine  that  the  movement  of  the  projecting  end 
was  scarcely  appreciable. 

The  spring  pressure  used  in  all  cases  was  2,400  pounds,  coitc- 
sponding  to  the  strain  exerted  by  the  steam  pressure  in  a  boiler 
where  the  stay-bolts  are  spaced  4  inches  centre  to  centre,  with  a 
steam  pressure  of  150  pounds  per  square  inch. 

It  is  clearly  shown,  I  think,  by  these  tests  thfit  the  principle 
of  the  machine  is  correct,  and  that  the  solid,  durable  manner  in 
which  it  is  designed  eliminates  most  of  the  variables  which  have 
hitherto  made  these  bending  tests  of  but  little  value.  The 
average  general  results  which  the  different  qualities  of  iron  gave 
followed  closely  the  quality  and  value  of  iron  for  actual  service. 
The  imitation  by  the  machine  of  the  strains  produced  in  a  stay- 
bolt,  when  screwed  in  a  boiler,  is  very  close  ;  and  while  some  of  the 
tests  of  the  same  bar  show  a  larger  percentage  of  difference  than 
in  the  tensile  tests  of  the  iron,  yet  this  is  probably  accounted  for 
by  the    fact   that  in  case  the  threads  were  cut  sharper,  or  any 
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flaw  existed  in  the  irou,  its  effect  would  be  very  much  more 
marked  aud  exaggerated  than  would  be  shown  by  an  ordinary 
tensile  test.  While  the  individual  tests  of  specimens  cut  from 
the  same  bar   are  somewhat  erratic  in  a  few  instances,  yet  the 


average  of  the  tests  cut  from  the  same  bar  seems  to  follow  smoe 
well-defined  law. 

Cutting  off  the  threads  and  reducing  the  size  of  the  middle  of 
the  specimen  (Fig.  159)  do  not  in  these  tests  indicate  a  sufficient 
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degree  of  improvement  in  prolougiiig  the  life  of  the  stay-bolt  to 
■warrant  the  extra  expense.  It  ajjpears  that  after  a  bolt  is 
reduced  and  turned  down  a  sufficient  amount  to  equalize  the 
strain,   and    to    distribute  it    over  a   considerable   portion   of  its 


E^ 


free  length,  the  stress  produced  by  the  pressure  of  the  spring  runs 
lip  to  such  an  extent,  per  square  inch  of  section,  that  the  com- 
bination of  bending  and  extension  stresses  exercises  a  marked 
influence  in  shortening  the  life  of  the  bolt. 
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The  table  given  below  indicates,  for  a  uniform  pressure  of  2,400 


-2X- ^- 


i_a 


-3>^-- 


-2^-^ 


\\\\\\\\v 


Fig.  159. 


pounds,  the  stress  per  square  inch   of  section  on  the  different 
diameters  of  reduced  bolts  : 

Size.  Area.  Stress. 

1      inch.  .7854  3,050  pounds. 

11    "  ■        .6903  3,475 

I     "  .6013  3,990       " 

la    "  .5185  4,630 

I     "  .4418  5,430       "    • 

ji    "  .3713  6,465       " 

I     "  .3068  7,820 

jig    "  .2485  9,658       " 

^     "  .1963  13,226 

After  experimenting  with  the  f  inch  bolt  reduced  to  the  differ- 
ent diameters,  it  seemed  plausible  that  by  increasing  the  diameter 
to  1  inch,  and  then  reducing  the  section,  a  marked  improve- 
ment might  be  made.  This,  however,  did  not  seem  to  prolong 
the  life  to  any  great  extent. 

The  approximate  cost  of  renewing  stay-bolts,  a  few  at  a  time,  is 
as  follows : 

Cutting  out  one  broken  |  inch  stav-bolt,  retapping  holes,  and  putting 

in  new  bolt 18  cents. 

Riveting  up  two  ends _^ 

Total  cost  of  renewing  stay-bolt 20  cents. 

This  does  not  include  taking  down  or  putting  up  any  parts  of 
machinery  which  may  be  ia  the  way  of  renewing  the  stay-bolt. 
In  round  figures,  the  minimum  cost  for  labor  for  renewing  stay- 
bolts  in  small  numbers  would  be  15  cents  per  pound.  This  is  for 
the  simplest  cases ;  if  there  is  any  machinery  or  part  to  be  re- 
moved, the  cost  would  be  greatly  increased.  Inasmuch  as  the 
cost  of  labor  alone  for  renewals  is  nearly  three  times  the  cost  of 
the  highest  priced  stay-bolt  iron,  it  would  be  economical  to  use  a 
special  stay-bolt  iron  possessing  the  necessary  properties  to  resist 
repeated  bendings. 
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The   approximate   weight   of  oue   J  inch    stay-bolt,   rough,    7-| 
inches  long,  is  Ij  pounds. 
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Fig.  160. 

The   approximate    weight    of  one  f  inch   staj^-bolt,    rough,   12 
inches  long,  is  2  pounds. 
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Fig.  161. 


40 

F.J.COLE 


The  approximate   weight  of  one  ||  inch   stay-bolt,  rough,  7^ 
inches  long,  is  1^  pounds. 
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The  approximate  weight  of  one  j|  inch  sta^'-bolt,  roxigh,  12 
inches  long,  is  2 1%  pounds. 

The  approximate  weight  of  one  1  inch  stay-bolt,  rough,  7^ 
inches  long,  is  lij  ])ounds. 


Fig.  162. 


The  approximate  weight  of  one  1  inch  stay-bolt,  rough,  12^ 
inches  long,  is  2^'^  pounds. 

In  the  photographs  of  the  test  specimens,  the  one  at  the  top  is 
a  piece  12  inches  long,  threaded  and  doubled  over;  that  in  the 
centre,  a  piece  pulled  apart  in  the  usual  manner,  to  determine  the 
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Fig.  103. 

elongation  and  tensile  strength,  and  at  the  bottom  are  shown 
the  pieces  broken  by  bending  or  "wiggling"  in  the  special 
machine. 

The  results  of  the  tests  are  plotted  in  Figs.  160,  161,  and  163. 
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A  careful  study  of  these  shows  that  the  best  results  were  obtained 
from  au  iron  having  an  ultimate  strength  of  48,000  to  49,500 
pounds,  with  au  elongation  of  28  to  30  per  cent,  in  8  inches. 

If  it  were  possible  to  make  the  stay-bolts  of  sufficient  length 
to  allow  for  the  maximum  movement  of  the  fire-box,  so  as  to  bend 
them  within  their  elastic  limit,  without  producing  a  permanent 
set,  their  life  would  be  increased  to  a  remarkable  extent.  This  is 
shown  in  Fig.  162  ;  the  dotted  line  is  assumed  to  represent,  in  an 
exaggerated  form,  the  curve  of  the  bolt,  when  bent  within  the 
elastic  limit,  or  the  deflection,  which  would  require  several  mil- 
lion repetitions  before  fracture  would  take  place. 

Let  X  represent  this  movement  at  a  distance  Y,  it  is  evident, 
then,  that  if  the  length,  Y,  is  decreased,  the  bending  movement 
will  be  increased  so  that  fracture  will  occur  with  a  smaller  num- 
ber of  movements.  With  a  constant  amount  of  movement,  the 
decrease  of  length  can  so  intensify  the  bending  stress  that  frac- 
ture will  oceur  after  a  few  thousand  repetitions  of  the  force,  pro- 
duced by  the  expansion  and  contraction  of  the  boiler. 
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Specimen 
No. 


Bessikq 
Test. 


Tensile  Test. 


No.of  Revo-  ^?!?i?»!    Area  Sq.  '  ^^']^^ 
lutions.    :^T'??l!!f'-i  Inches    :   Pf'^^q. 


Inches 


loch. 


2,296 
2,154 
?,437 
2.31? 
'2,253 
2.453 


Average      2,319 


Elastic  I  ^i""!^}"?" 
T ;.»:»  percent,  in 
^""'^•18  Inches. 


.6013      51.220    35.200     22.75     Good    wrought 
.6013      51,550    34,900     23.25         iron,  1.6c. perlb. 


,  51,385    35,050     23.00 


2 
2 
2 
2 
2 
2 

2.459 
2,235 
2,776 
2,785 
2.245 
2,629 

1 

.6054 
.6041 

40,800 
49,330 

32  200 
33.100 

23.75 
23.13 

Same  iron  as 
1. 

No. 

Average 

2,532 

.... 

49,565    32,650 

23.43 

3 
8 
3 
3 
3 
3 

3,386 
1,226 
4,453 
2,300 
2,240 
3,260 

i 
(I 

.6027 
.5972 

46,190    30.500 
46,880    28,400 

20.0 
21.5 

Same  iron  as 

No. 

Average 

2,811 

.... 

.,.. 

46,535    29,450 

20.75 

4 
4 
4 
4 
4 

4 

2,546 
2,691 
2,873 
2,636 

2,754 
2,820 

i 

.6000 
.6000 

50,000 
50,660 

34.100 
33,000 

26.62 
21.00 

Same  iron  as 
1. 

No. 

Average 

2,720 



50,330 

33,550 

23.81 

5 
5 
5 
5 
5 
5 

2,028 
1,870 
1,882 
1,553 
1,869 
2,008 

1 

8 

(< 

.588 
.588 

61.460 
61,730 

44.200 
44,200 

17.1 
19.0 

Not      made      for 
stay-bolts.     Or- 
dinary merchant 
mild  steel. 

Average 

1,868 

61,595 

44,200 

18.0 

6 
6 
6 
6 
6 
6 

1,046 
1.289 

i;oi2 

832 
1.028 
1,140 

1 

.586 
.592 

.588 

53.240 
52,603 
58,200 

36.500 
35,400 
3G,600 

26.75 
24.25 

Not      made      for 
stay-bolts.      Or- 
dinary merchant 
bar  iron. 

Average 

1,058 

.... 

53,013 

36,200 

25.33 

7 
7 
7 

7 
7 

1,615 
1,707 
1.746 

2,136 
2,147 
1,824 

■ 

\ 

.597 

51,340 

37,270 

24.25 

Same  as  No.  6 

, 

Average 

1,S63 

1 

51,340 

37,270 

24.25 
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Bendinxj 

Test. 

Tensile  Test. 

Specimen 

No. 

No.ofRevo- 
liUious. 

Nominal 

Diameter 

Inches. 

Area  Sq. 
Inches. 

Strength 
perSq. 
Inch. 

Elastic 
Limit. 

Elongation 

per  cent,  in 

8  Inches. 

8 

670 

1 

.629 

53,050 

33.070 

28.50 

Imported  stay-bolt 

8 

1,715 

" 

.629 

52,460 

33,500 

31.25 

iron,  6c.  per  lb. 

8 

1,069 

" 

8 

2,165 

" 

8 

2,055 

" 

8 

5,941 

" 

Average 

2,354 

.... 

52,755 

33,385 

29.87 

9 

1,873 

i 

.024 

51,600 

34,900 

30.00 

Same  as  No.  8. 

9 

2,213 

<< 

.622 

51,800 

33,400 

27.25 

9 

2,865 

" 

9 

2,850 

" 

9 

1,114 

" 

9 

1,174 

" 

Average 

2,015 

51  700  {34,150 

28.63 

Gen.  Ave. 

2,185 

.... 

52,228 

33,718 

29.25 

10 

2,950 

1 

.597 

50,  .580 

33,830 

28.12 

Stay-bolt        iron, 

10 

2,532 

.594 

50,090 

34,090 

31.12 

44c.  per  lb. 

10 

2,721 

" 

Average 

2,734 

50,635 

^3,960 

29.62 

11 

3,790 

i 

.003 

53,530 

36,930 

28.0 

Same  as  No.  10. 

11 

3,076 

.603 

53,070 

33,990 

30.25 

11 

4,148 

" 

11 

3,437 

" 

11 

4,051 

" 

Average 

3,700 

t  •  •  • 

53,300 

35,460 

29.12 

Gen.  Ave. 

3,217 

51,968 

34,710 

29.37 

12 

3,150 

1 

.636 

47,640 

31,760 

28.0 

Special   gtay-bolt, 

13 

2,655 

.636 

47,900 

31,800 

28.0 

4|c.  per  lb. 

12 

2,734 

" 

12 

2,021 

<' 

12 

3,316 

" 

12 

4,332 

" 

12 

2.785 

'< 

12 

4,986 

" 

Average 

3,322 



47,770 

31,780 

28.0 

1:3 

3,042 

1 

.643 

48,450 

29,800 

25.75 

Same  as  No.  12. 

13 

2,218 

.624 

50,240 

35,100 

25.50 

13 

3,779 

" 

13 

3,785 

♦' 

13 

2,966 

" 

13 

3,402 

" 

13 

3,241 

<< 

Average 

3,148 

49,345 

32,d50 

25.62 

Gen.  Ave. 

3,235 

48,559 

32,115 

26.81 

44 
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Bending 

Test. 

Tensile  Test. 

Specimen 

No. 

No. of  Revo- 
lutions. 

Nominal 

Diameter. 

Inches. 

Aren  Sq. 
Indies. 

Strength 
per  Sq. 
Inch. 

Elastic 
Limit. 

Elonp;ation 

per  cent,  in 

8  Inches. 

23 

3,571 

i 

.584 

50,000 

29,400 

32. 

Special     stay  bolt 

23 

2,757 

.578 

50,000 

29,200 

32. 

iron,  6c.  per  lb. 

23 

2,170 

" 

23 

2,533 

" 

23 

2,335 

" 

Average 

2.373 

.... 

50,000 

29,300 

32. 

24 

2,620 

1 

.581 

49,600 

29,200 

30. 

Same  as  No.  23. 

24 

2,913 

" 

.581 

49,100 

27,600 

29.75 

24 

2,202 

" 

24 

3,794 

" 

24 

3.334 

" 

24 

2,129 

" 

Average 

2,832 

49,350 

28,400 

29.88 

Gen.  Ave. 

2,753 

49,675 

28,850 

30.94 

25 

4,027 

tj 

.6360 

43,150 

24,000 

27.75 

Svpedisli  iron,  2^0. 

25 

4,422 

.6361 

43,230 

23,9C0 

27.62 

per.  lb. 

25 

3,082 

" 

25 

3,712 

" 

25 

2,783 

" 

25 

2,081 

" 

25 

2,906 

" 

25 

4,256 

" 

25 

4,428 

" 

25 

2,682 

" 

Average 

3,338 

.... 

.... 

43,19U 

23,950 

27.68 

26 

2,619 

1 

.6000 

45.330 

30,660 

35.75 

Mild  rivet  steel. 

26 

3,443 

.6000 

45,400 

o0,830 

40.87 

26 

3,234 

'' 

26 

2,702 

" 

26 

2,095 

" 

26 

3,586 

" 

Average 

2,947 

.... 

45,365 

30,745 

38.. 81 

27 

3,792 

1 

.6000 

45,350 

31,660 

40.75 

Same  as  No.  26. 

27 

3,808 

" 

.6000 

45,000 

B0,830 

37.75 

27 

4,301 

" 

27 

3,365 

'■ 

27 

2,799 

" 

Average 

3,613 

45,175 

31,245 

39.25 

Gen.  Ave. 

3,280 



45,270 

30,995 

38.78 

28 

1,755 

1 

.6082 

47,920 

32,000 

36.50 

Mild   rivet    steel. 

28 

3,619 

.6096 

47,900 

34,100 

36.50 

2c.  per  lb. 

28 

3.546 

t( 

28 

3,313 

" 

28 

2,591 

" 

28 

3,627 

" 

28 

2,958 

" 

Average 

3,058 

47,910 

33,050 

36.00 
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Bending 
Test. 

Tensile  Test. 

Specimen 

^No. 

No. of  Revo- 
lutions. 

Nominal 

Diameter. 

luclies. 

Area  Sq. 
Inches. 

Strength 
per  Sq. 
Inch. 

Elastic 
Limit. 

Elongation 

per  cent,  in 

8  Inches. 

29 

3,194 

i 

.6068 

49,350 

31,970 

35.75 

Mild   rivet    steel, 

29 

3,040 

.6054 

49,220 

29,730 

36.37 

3c.  per  lb. 

29 

3.337 

" 

29 

2,969 

" 

29 

3,415 

" 

29 

2,350 

" 

29 

2,790 

" 

Average 

3,014 

49,285 

30,566 

36.06 

Gen.  Ave. 

3,030 

48,598 

31,808 

36.03 

30 

3,259 

1 

.6013 

48,390 

31,500 

25,0 

Good    wrought 

30 

2,636 

.6054 

47,900 

31,000 

25.0 

iron,    1.6c.    per 

Average 

2,448 

.... 

48,149 

31,250 

25.0 

lb. 

33 

3,780 

1 

.6013 

48,'390 

31,500 

25.0 

Iron,  1.6c.     Same 

32 

3,059 

.0054 

47,900 

31,000 

25.0 

as  No.  30,  i  in. 

32 

3,065 

" 

diameter.      Re- 

32 

2,823 

" 

duced  in  centre 

33 

2.647 

" 

to  i4  incli. 

32 

1,902 

" 

33 

2,091 

" 

33 

2,284 

" 

32 

2,583 

" 

Average 

2,087 

48,149 

31,250 

25.50 

18 

1,493 

1 

.786 

53,470 

32,800 

22.00 

Good    wrought 

18 

7i9 

" 

.786 

50,760 

32,900 

25  75 

iron,    1.6c.    per 

Average 

1,106 



52,115 

33,850 

23.88 

lb.  Not  reduced. 

19 

2,326 

1 

.786 

53,470 

33,800 

23.00 

Same  as   No.    18. 

19 

2,635 

" 

.786 

50,760 

32,900 

25.75 

Reduced  in  cen- 

Average 

3.481 

52,115 

32,850 

23.88 

tre  to  Y^  inch. 

20 

9.S8 

.786 

53,470 

32,800 

22.00 

Same  as   No.   18. 

20 

931 

.786 

50,760 

32,900 

25.75 

Reduced  in  cen- 

Average 

9J5 

52,115 

32,850 

23.88 

tre  to  i  inch. 

21 

1,139 

.780 

53,470 

32,800 

22.00 

Same   as  No.   18. 

21 

1.208 

.780 

50,760 

32,900 

25.75 

Reduced  in  cen- 

Average 

1,174 

.  •  •  • 

52,115 

32,850 

33.88 

tre  to  {^  inch. 

Gen.  Ave. 

•1,424 

52,115 

32,850 

33.88 

33 

3,481 

1 

.7775 

47,850 

32,400 

27.88 

Stay-bolt  iron  "or- 

3;i 

2,6>9 

" 

.7791 

48,390 

33,400 

29.75 

dinary,"  3c.  per 

33 

2.177 

" 

lb. 

33 

2,307 

" 

33 

2,647 

'< 

35 

1,894 

" 

33 

2.412 

" 

3:} 

2,379 

" 

33 

2,093 

" 

Average 

2,447 

48,120 

33.900 

38.81 
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Bending 

Test. 

Tenbile  Test. 

Specimen 
No. 

No.ofRevo- 
lutious. 

Nominal 

Diameter. 

Inches. 

Area  Sq. 
Inches. 

Strength 
per  Sq. 
Inch. 

Elastic 
Limit. 

Elongation 

per  cent,  in 

8  Inches. 

33x 

f)88 

1 

.7729 

47,000 

32,900 

22.23 

Iron,  1.6c   per  lb. 

33x 

1,829 

" 

.7822 

47,810 

32,200 

23.75 

Average 

1,259 



.... 

32,550 

22.99 

35 

2,859 

1 

.7729 

47,000 

32,900 

22.23 

Iron,  1.6c.  per  lb. 

35 

2,656 

' 

.7822 

47,810 

32.200 

23.75 

Reduced  in  cen- 

35 

3,189 

' 

tre  to  |g  inch. 

35 

3,380 

' 

35 

3,247 

' 

35 

2,321 

'•' 

Average 

2,942 

.... 

47,405 

32,550 

22.99 

38 

3,435 

1 

.6138 

53,926 

35.516 

29.9 

Stay-bolt     iron 

38 

4,226 

'•' 

. 

"special,"   4^c. 

38 

3,170 

" 

per  lb. 

Average 

3,610 

.... 

53,926 

35,516 

29.9 

87 

3,747 

I 

.635 

47,000 

30,710 

28.1 

Stay-bolt  iron  "or- 

37 

2,340 

" 

.622 

.... 

31,550 

dinary,"  3c.  per 

37 

2.407 

" 

lb. 

37 

2,931 

" 

37 

4,319 

" 

37 

3.021 

" 

37 

3,523 

" 

37 

2,652 

" 

Average 

3,118 

47,000 

31,730 

28. 1 

39 

4,333 

1 

.6096 

49,700 

.... 

28.13 

Stay-bolt  iron,  3c. 

39 

5,397 

" 

.6110 

49,4C0 

26.00 

per  lb. 

39 

6,702 

" 

39- 

4,304 

" 

39 

4.447 

i( 

39 

3,519 

" 

39 

7,305 

" 

39 

1,698 

" 

39 

4,842 

" 

39 

4,396 

" 

39 

6,633 

(< 

/ 

Average 

4,871 

49,550 

27.06 

40 

6,765 

i 

.6068 

48,800 

30.00 

Same  as'No.  39. 

40 

3,079 

.6082 

48,000 

26.25 

40 

3,909 

" 

40 

4,195 

" 

40 

5,375 

" 

40 

3,105 

" 

40 

4,550 

" 

40 

2,811 

" 

40 

9,610 

" 

Average 

4,825 

.... 

48,400 

.... 

28.12 

Geu.  Ave 

4,848 

48,975 

27.59 

BENDING   TESTS   OF   LOCO^[OTIVE   STAY-BOLTS.  679 


DISCUSSION. 

Mr.  Spencer  Otis. — I  have  read  Mr.  Cole's  article  on  a  bending 
test  for  stay-bolt  iron  with  much  interest,  and  discuss  it  only 
because  a  number  of  tests  witnessed,  and  a  number  of  others  of 
which  I  have  a  record,  would  seem  to  agree  very  closely  with 
some  of  Mr.  Cole's  conclusions,  and  very  materially  with  others. 

In  the  first  place,  let  me  say  the  number  of  broken  stay- 
bolts  has  been  increasing  rapidly  on  all  the  Western  railways 
with  which  I  am  acquainted.  I  saw  a  record  only  a  few  days 
ago  which  showed  over  three  times  as  many  broken  stay- 
bolts  in  1897  as  in  1894,  and  this  for  a  given  number  of  locomo- 
tives. 

I  think  the  reasons  generally  assigned  agree  with  those  given 
by  Mr.  Cole ;  but  how  much  can  be  attributed  to  the  bending 
action  and  how  much  to  increased  tension  caused  by  higher  pres- 
sure is  uncertain.  The  manufacturers  of  stay-bolt  irons  are  un- 
doubtedly trying  hard  to  make  an  iron  which  will  stand  this  service, 
and  a  number  of  the  railway  companies  are  experimenting  to 
find  out  what  irons  will  give  the  best  service  and  what  qualities 
such  an  iron  must  possess.  Some  of  them  are  simply  trying  in 
actual  service  several  different  makes  of  iron  known  to  be  good 
under  practically  the  same  conditions,  and  keeping  a  record  of 
results.  Others  are  adding  to  this  a  record  of  tensile  strength, 
elastic  limit  and  elongation  of  each  iron  used.  A  few,  however, 
are  adding  to  all  of  this  a  vibration  test.  I  have  a  record  of 
about  one  hundred  and  fifty  specimens  tested  on  a  machine  very 
similar  to  the  one  Mr.  Cole  describes ;  instead,  however,  of  using 
a  tension  of  2,400  pounds,  only  1,000  pounds  was  used,  and  in 
some  of  them  no  tension  at  all.  The  number  of  vibrations,  as 
shown  b}'  these  tests,  were  uniformly  higher  than  those  men- 
tioned by  Mr.  Cole,  and,  too,  in  some  cases  with  apparently  about 
the  same  quality  of  iron  as  Mr.  Cole  used,  the  number  or  vibra- 
tions were  very  much  greater. 

After  reading  his  results  I  am  inclined  to  give  increased  tension 
more  credit  for  broken  stay-boUs  than  I  had  done. 

Taking  the  averages  of  experiments  with  which  I  am  acquainted, 
it  would  seem  : 

1.  That  the  best  American  stay-bolt  irons  would  stand  fully  as 
good  a  vibration  test  as  the  same  grade  of  foreign  irons. 

2.  That  the  piled  irons,  with  grain  at  a  right  angle  to  the  line  of 
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vibration,  stand  tliis  test  better  than  either  bloom  irons  or  irons 
piled  with  the  grain  in  line  with  the  vibration. 

3.  On  the  basis  of  the  number  of  vibrations  withstood,  the  high- 
grade  irons,  those  made  especially  for  stay-bolts,  are  very  much 
cheaper  than  ordinarily  good  iron. 

4.  That  the  ordinary  tests  give  very  little  indication  as  to  how  a 
given  iron  will  stand  a  vibration  test;  for  instance,  the  average  of 
some  twentv  tests  of  each  of  two  irons  is : 


Tensile 

Elonsation 

Eln?tic 

Vibrations  with 

Stien<,th. 

in  8  Indies. 

Limit. 

1,000  lbs.  Tension. 

No.  1     .     . 

52,000 

25<g 

26,600 

89,170 

No.  2     .     . 

51,400 

28:^ 

26,210 

37,470 

5.  By  reducing  the  shank  of  stay-bolts  to  a  shade  below  the 
bottom  of  the  thread,  you  very  decidedly  increase  the  number  of 
vibrations  it  will  stand.  I  think  the  average  was  about  double 
what  the  same  iron  would  stand  when  threaded  the  full  length. 

6.  That  a  tell-tale  hole  ^  inch  diameter  clear  through  the  bolt 
reduces  the  number  of  vibrations  which  it  will  stand,  and  that  a 
larger  hole  does  so  very  materially. 

I  find  there  are  several  roads  which  have  been  using  a  tell-tale 
hole  1^  inches  to  Ij  inches  deep  which  are  beginning  to  fear  reduc- 
ing the  shank  of  stay-bolts  is  going  to  cause  them  to  break  near 
the  centre  of  bolt  and  beyond  the  reach  of  the  short  tell-tale  hole. 

To  sum  up,  it  seems  to  me  there  is  a  good  deal  to  learn  about 
stay-bolts  and  stay-bolt  iron,  and  if  in  order,  I  should  like  to 
make  a  motion  that  a  committee  be  appointed  to  collect  all  the 
information  possible  on  this  subject,  and  report  progress  at  our 
next  meeting. 

3f/\  Gus.  C.  Henning. — I  would  like  to  call  attention  to  the 
fact  that  the  method  of  holding  the  bolts  shown  by  the  machine 
does  not  represent  the  stay-bolt  as  held  in  the  boiler.  The  stay- 
bolt  is  held  for  a  short  distance  at  either  end.  And  then  the  po- 
sition of  one  sheet  changes  with  reference  to  the  other.  The 
stay-bolt  during  this  change  of  position  of  sheets  does  not  assume 
the  curve  Fig.  162,  but  being  held  at  both  ends,  provided  the 
sheets  work  vertically  only,  as  may  be  in  the  case  assumed,  the 
position  as  Fig.  168,  in  which  case  the  strain  on  the  bolt  at  the 
surface  of  the  sheet  is  very  much  greater  than  if  that  were  simply 
bent.  It  would  be  just  twice  as  much,  because  this  is  simple 
flexure  and  this  is  contra  flexure.  Now  that  is  not  the  only  way 
the  boiler  works.     The  normal  condition  of  the  stay-bolt  is  like  in 
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Fig.  1G7,  assuraimg  that  there  are  no  initial  strains.  Initial 
strains  are  very  injurious  to  stay-bolts,  perhaps  more  to  them  than 
to  any  other  part  of  the  boiler.  The  next  position,  is  like  that  in 
Fig.  168,  that  the  one  sheet  remains  in  its  position,  while  the  other 
one  buckles  at  one  point  or  other  for  various  i-easous.  The  other 
position  is  that  the  other  sheet  is  vertical  and  the  reverse  of  Fig. 
1(')8,  but  which  produces  the  same  result.  Then  we  have  the 
other  conditions  that  the  plate  between  stay-bolts  bulges  and  pro- 
duces the  eifect  as  in  Fig.  169.  Stay-bolts  are  constantly  revolving 
or  changing  their  condition  ou  account  of  the  change  of  the  shape 
of  the  plates  between  the  stay-bolts.  This  machine  does  not  re- 
peat all  these  changes  of  strain.     This  is  particularly  noticeable 


m 


m 


Fig.  167. 


Fig.  108. 


Fig.  169. 


in  the  stay-bolts  where  the  thread  has  been  cut  away,  and  there- 
fore the  results  are  not  such  as  we  would  expect.  Similar  tests 
have  been  made  abroad — I  don't  know  whether  they  have  been 
made  here— and  results  which  are  more  in  accordance  with  our 
;  present  knowledge  of  the  behavior  of  the  stay-bolts  than  is  shown 
in  the  paper.  Fig.  162  in  the  paper  shows  a  curve  which  is  ob- 
tained only  when  the  bolt  is  held  at  one  end  and  free  at  tlie 
other.  The  actual  conditions  are,  however,  as  shown  in  Figs.  168 
and  169,  the  centre  lines  of  stay-bolts  showing  the  curves  of  flex- 
ure, and  under  these  conditions  the  stress  on  threads  at  sheets  is 
just  twice  as  great  as  that  assumed  by  the  author. 

Mr.  Oiis. — I  think  Mr.  Henning  is  correct,  and  that  the  actual 
service  of  the  stay-bolt  is  very  much  more  severe  than  is  reproduced 
in  a  vibrating  machine.  But  it  seems  to  me  that  the  iron  which 
will  stand  a  vibrating  machine  well  would  also  stand  the  service 
of  which  you  speak— that  the  same  qualities  would  be  required 
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in  both  cases,  althougli  the  tests  you  propose  would  he  ven'  much 
more  severe  and  nearer  actual  service. 

Mr.  Henning. — I  would  like  to  qualify  that.  If  the  iron  is  all 
right  to  resist  these  strains,  it  may  not  be  all  right  to  stand  the 
cold  hammering.  The  cold  hammering  may  produce  cryHtalliza- 
tiou  which  runs  quite  into  the  bolt  through  the  sheet.  Say  the 
sheet  is  f  of  an  inch  thick,  the  ordinary  thickness  for  crown 
sheets,  the  crystallization  runs  back  into  the  body  of  the  bolt.  I 
have  recently  had  occasion  to  break  a  lot  of  them.  The  iron  may 
be  all  right  to  resist  a  strain,  but  th.it  is  not  what  is  wanted  ;  an 
iron  is  wanted  which  will  resist  the  fire,  an  iron  which  will  not  crys- 
tallize under  the  cold  riveting  to  which  a  stay-bolt  is  subjected  ; 
an  iron  which  is  not  made  brittle  or  injured,  because  of  its  seams 
or  other  defects  by  cutting  the  threads,  or  an  iron  which  is  able 
to  resist  all  these  strains  of  torsion,  of  tension  and  flexion. 

Mi\  Jno.  E.  Sweet. — In  the  June  number  of  Locomotive  Engineer- 
ing there  appears  an  article  on  stay-bolts,  written  before  this  paper 
appeared,  and  I  noticed  the  paper  confirms  the  assumption  that 
there  is  plenty  of  tensile  strength  in  the  bolt,  but  not  enough  to 
stand  the  bending  strain,  and  that  the  real  destruction  comes  from 
the  bending.  This  idea  has  occurred  to  me.  We  all  know  that 
four  pieces  of  half  inch  square  iron  are  as  strong  in  tensile  strength 
as  one  inch  square,  and  the  four  pieces  will  stand  four  times  as 
much  bending  as  the  one.  The  suggestion  is  made  to  split 
along  the  middle  into  four  quarters.  Thus  you  will  see  we 
have  a  bolt  which  will  stand  a  sufficient  tensile  strain  and  more 
bending. 

Another  way  to  carry  out  the  same  idea  would  be  to  have  the 
iron  rolled  in  the  form  of  a  quarter  of  a  circle,  so  that  when  four 
pieces  were  put  together  thej'  v/ould  form  a  round  a  little  larger 
than  the  outside  of  the  thread.  After  the  ends  were  welded  and 
swedo-ed  to  size,  the  centre  could  be  heated  to  a  forging  heat  and 
drawn  down  to  the  size  of  the  bottom  of  the  thread. 

This  would  be  a  more  expensive  construction,  but  it  would 
leave  the  bolt  as  strong  in  tension  as  the  rated  one,  and  it  would 
be  free  to  bend  four  times  as  many  times  before  rupture.  Another 
plan  suggested  by  Mr.  S.  W.  Baldwin  was  to  roll  a  quarter  of  a 
circle  in  section,  cut  it  off  too  long,  but  have  sections  of  such  a 
size  that  when  the  four  pieces  were  put  together  they  would  be 
the  diameter  of  the  bolt  at  the  bottom  of  the  threads,  and  in 
welding  upset   the    ends   to   make  them   large   enough   for   the 
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threads.  This  was  his  suggestion,  and  I  guess  a  better  phan.''^ 
Now,  if  I  had  fire-boxes  to  make  I  would  tr^'  the  experiment,  and 
I  would  also  try  another  experiment,  though  I  do  not  know  but 
that  it  has  been  tried.  From  what  I  have  read  about  the  diffi- 
culty of  getting  the  proper  pitch  on  stay-bolts,  I  infer  there  is 
trouble  in  getting  them  to  enter  the  inside  sheet  after  they  run 
through  the  outside  sheet.     Is  there  much  trouble  about  that? 

Mr.  Otis. — There  is  no  trouble  about  that. 

Mr.  Siveet. — Then  the  suggestion  for  a  remedy  would  not  be  in 
order. 

Mr.  Henniiig. — The  two  sheets  are  so  flexible  that  with  a  little 
bit  of  forcing  the  thread  will  enter,  but  it  does  not  leave  the 
sheets  unstrained,  and  this  is  one  of  the  causes  why  the  shells 
and  fire-boxes  do  not  expand  uniformly.  If  the  beginning  of  the 
thread  is  on  the  top  in  both  places,  and  there  is  an  even  number 
of  threads,  it  will  enter  exactly,  but  if  the  threads  miss  each  other 
by  half  a  diameter,  then  those  sheets  will  be  separated  and  the 
sheet  will  be  bent.  Now,  the  next  one  may  be  just  exactly  the 
reverse,  and  the  result  is  that  the  adjoining  part  is  bent  in  the 
opposite  direction.  Sheets  are  not  planes,  as  they  are  supposed 
to  be,  and  the  change  of  shape  is  what  bends  the  sta3'-bolts  as 
much  as  anything  else. 

Mr.  Siveet. — Do  you  think  that  does  really  amount  to  much — 
that  if  you  are  sure  that  there  was  no  strain  it  would  be  better, 
or  is  it  a  fact  that  that  strain  does  so  little  harm  that  it  is  not 
necessary  to  take  it  into  account  ? 

Mr.  Henninij. — Believing  in  the  highest  class  of  work  for  boil- 
ers, I  always  believe  that  it  ought  to  be  tapped  right  through,  and 
that  spreaders  should  be  put  in  the  water  space  which  can  be  re- 
moved when  stay-bolts  have  been  put  in.  If  that  is  the  case  then 
the  boilers  will  behave  very  much  better  than  they  do  now. 

Mr.  Otis. — I  think  the  tubes  would  cover  that  very  well  in  a 
locomotive.     The  tap  is  put  through  and  taken  out,  and  the  bolta 

*  To  meet  the  conditions  described  by  3Ir.  Helming,  wbere  it  is  assumed  that 
the  plates  change  from  parallel,  I  have  thought  of  the  following  sclienie  vvhidi 
would  meet  the  difficulty  and  otherwise  improve  the  quartered  stay-bolt.  After 
the  forging  is  finished  as  described,  twi.^t  the  middle  or  quartered  part  of  the  bolt 
one-half  revolution.  Neither  quarter  will  then  be  strained  any  more  than  any 
other  quarter,  however  much  the  plates  may  be  distorted.  The  section  of  the 
bars  might  have  to  be  modified  slightly  to  meet  the  change  of  shape  due  to  twist- 
ing, and  this  twisting,  if  done  right-handed,  would  avoid  the  danger  of  the  bolta 
twisting  when  screwed  in. 
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put  in  the  same  head  and  then  capped  up  mucli  straighter  and 
put  in  very  nearly  correct,  I  think,  than  by  the  old  way  of  doing 
by  hand. 

Mr.  Ilenning. — If  you  tap  it  through,  and  the  threads  of  the 
bolt  do  not  exactly  enter  the  threads  of  the  sheet,  then  it  will 
take  a  whole  revolution  of  the  bolt  before  it  springs  the  second 
time.  Then  the  flexure  is  very  much  greater  than  it  is  in  the  case 
that  I  described,  in  which  I  simply  assume  that  the  thread  does 
not  exactly  match  the  thread  in  the  other  sheet. 

Mr.  Sioeet. — Do  you  mean  to  say  that  even  if  the  stay-bolt  was 
of  the  proper  pitch  still  they  would  get  a  complete  revolution 
before  they  got  it  in  ? 

Mr.  Henning. — It  might  be  two  or  three,  because  they  miglit 
burr  the  thread  in  the  sheet  or  on  the  stay-bolt  and  then  simply 
keep  turning  until  it  enters. 

Mr.  Sweet. — I  would  use  a  long  taper  tap,  and  make  the  small 
end  of  the  thread  on  one  end  larger  than  the  large  end  of  the 
thread  on  the  other,  and  it  would  be  sure  to  enter,  and  enter  easily, 
because,  being  V  threads,  it  could  not  help  but  enter  correctly. 
There  may  be  some  objection  to  that,  but  it  occurs  to  me  it  is 
possible.  In  renewing  a  stay-bolt  I  do  not  know  whether  they  have 
to  tap  out  the  hole  or  not.  If  they  do,  running  the  tap  a  little 
farther  would  correct  the  hole.  If  they  have  to  put  in  a  |  stay- 
bolt  when  a  f  was  in  originally,  they  have  to  increase  the  hole  a 
whole  eighth  of  an  inch. 

Mr.  Henning. — The  same  difficulty  you  have  in  entering  a  bolt 
into  a  nut.  Some  men  can  always  enter  a  bolt  the  first  time  they 
come  to  the  thread.  Others  turn  that  bolt  half  a  dozen  times  be- 
fore it  enters. 

Mr.  Francis  J.  Cole." — The  greater  number  of  vibrations  ob- 
tained in  other  bending  tests  is  due  principally  to  the  fact  that 
the  fixed  end,  when  screwed  into  a  thin  ])late  (say  f  of  an  inch 
thick),  is  not  held  rigidly.  This  is  partly  owing  to  the  spring  of 
the  plate  and  partly  to  the  bolt  becoming  slightly  loosened  by  the 
repeated  vibrations,  or  from  lack  of  a  tight  fit  at  first  between  the 
screw  threads.  It  can  also  be  accounted  for  by  the  lower  tension 
of  1,000  pounds,  instead  of  2,400  pounds— the  latter  representing 
more  nearly  the  stress  in  actual  service.  Stay-bolts  in  locomotives 
always  break  at  the  outside  plates,  which  are  thicker  and  cooler, 


*  Author's  closure,  under  the  Rules. 
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and  rarely,  if  ever,  uuder  normal  conditions,  at  the  thinner  box 
plates.  This,  in  a  measure,  answers  the  criticism  that  the  machine 
does  not  bend  the  bolts  as  they  are  bent  in  the  boiler.  A  super- 
ficial investigation  of  the  actual  conditions  existing  might  lead  one 
to  imagine  that  the  bolt  should  be  held  rigidly  at  both  ends,  and 
vibrated  by  moving  in  parallel  planes.  Under  these  conditions  the 
fracture  would  be  as  likely  to  occur  at  one  end  as  the  other.  As 
a  matter  of  fact,  one  end,  when  screwed  into  a  boiler,  is  held  much 
more  rigidly  than  the  other,  the  thinner  and  hotter  fire-box  plates 
permitting  a  slight  movement  or  buckling  to  take  place,  relieving 
the  bending  stress  at  that  end.  The  important  point  in  bending 
tests  of  this  description  is  to  get  comparative  results  of  different 
makes  of  material  under  similar  conditions  of  bending  and  ten- 
sion stresses.  The  known  stresses,  such  as  that  due  to  the  direct 
steam  pressure,  forcing  the  plates  apart,  should,  evidently,  be 
taken  at  the  actual  figures,  rather  than  at  60  or  Y5  per  cent,  below 
the  real  amount.  The  injury  caused  by  cold  hammering  in  rivet- 
ing over  the  ends  does  not,  to  my  mind,  extend  through  plates  | 
to  f  inch  thick,  and  perceptibly  weaken  the  material.  If  this 
were  the  case,  the  injury  would  manifestly  be  greatest  in  the 
j\  inch  plates  used  in  fire-boxes,  and,  consequently,  the  life  of 
these  bolts  would  be  much  shorter  than  in  the  heavier  plates. 
This  we  know,  positively,  is  not  the  case.  If  it  were  true,  increas- 
ing the  thickness  of  the  outer  plates  to  an  extent  somewhat  more 
than  the  depth  to  which  the  influence  of  the  cold  hammering  ex- 
tends would  prevent  all  injurious  effects  and  prolong  the  life  of  the 
bolts.  As  a  matter  of  fact,  however,  it  is  well  known  that  the  ten- 
dency to  break  seems  to  increase  with  the  thickness  of  the  plates. 
Since  the  tests  were  made,  nickel  steel  has  been  used  in  a  few 
instances  for  stay-bolts,  but  time  enough  has  not  elapsed  to  know 
definitely  what  results  will  be  obtained.  It  is  to  be  regretted  that 
comparative  tests  of  the  various  makes  of  hollow  stay-bolts  and 
of  nickel  steel  could  not  be  made  on  the  machine  under  the  same 
conditions. 
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DCCLXXIX.* 

THE  RELATIOXS  BETWEEX  THE  PURCHASER,   THE 
EXGINEER,  AND  THE  MANUFACTURER. 

BT   WILLIAM    H.    BUTAN,    ST.    LOUIS,    MO. 

(Member  of  the  Society.) 

When  an  engineering  structure  of  magnitude  is  to  be  erected 
what  general  plan  of  'procedure  should  be  followed  in  order  to 
insure  that  the  finished  work  shall  be  best  adapted  for  the  in- 
tended purpose,  and  shall  involye  the  minimum  investment  of 
capital  consistent  with  proper  construction,  and  the  minimum 
cost  of  operation  and  maintenance  ? 

In  the  erection  of  buildings  the  precedent  of  ^^lacing  the  work 
in  the  hands  of  a  skilled  architect  has  long  since  become  well 
established.  In  civil  engineering,  the  construction  of  railways, 
bridges,  and  roofs  is  universally  intrusted  to  engineers.  In  the 
newer  branches  of  mechanical  aud  electrical  engineering,  how- 
ever, it  has  only  recently  become  the  practice  in  this  country  to 
engage  consulting  engineers.  The  principal  reason  for  this  has 
been  that  there  have  been  heretofore  but  few  specialists  who 
have  devoted  their  attention  exclusively  to  this  class  of  work. 
The  few  well-trained  men  in  these  fields  early  connected  them- 
selves with  manufacturing  or  contracting  companies,  or  en- 
tered into  these  branches  of  work  on  their  own  responsibility. 
The  natural  disinclination  of  the  purchaser  to  ask  for  expert 
advice  from  an  engineer — however  competent  and  experienced — 
who  is  known  to  be  interested  in  the  manufacture  or  sale  of 
some  specialty,  and  whose  opinion  is  not  unnaturally  open  to 
the  suspicion  of  bias,  left  him  no  course  but  to  proceed  on  his 
own  responsibility,  with  results  which  were  often  as  unsatis- 
factory to  the  manufacturer  as  to  himself. 

This  situation  has,  however,  in  a  large  degree  changed,  owing 
to  the  large  number  of  excellent  engineering  schools,  and  the 

*  Presented  at  tlie  Niagara  Falls  meeting  (June,  1898)  of  the  American  So- 
ciety of  Meclianical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Trans- 
actions. 
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very  tliorougli  courses  of  theoretical  and  practical  training 
which  are  there  given.  These,  coupled  with  the  large  number 
of  trained  and  experienced  men  who  have  been  connected  with 
prominent  manufacturing  and  constructing  companies,  and  with 
the  installation  and  operation  of  large  plants,  have  now  ren- 
dered available  the  services  of  many  men  of  thorough  technical 
training,  supplemented  by  years  of  practical  experience  in  actual 
construction.  Many  of  these  have  no  connection  with  the  manu- 
facturing, selling,  and  contracting  interests,  and  their  judgment 
is  not,  therefore,  open  to  the  suspicion  of  bias  in  favor  of  or 
against  any  special  manufacturer. 

It  is  becoming  more  and  more  the  custom,  therefore,  to  place 
the  same  confidence  in  the  consulting  mechanical  and  electrical 
engineer  which  has  long  been  reposed  in  the  architect  and  civil 
engineer.  He  is  called  in  at  the  earliest  stages  of  the  develop- 
ment of  the  enterprise,  for  advice  as  to  the  general  outline  and 
arrangement  of  the  scheme, 'its  probable  cost,  the  expense  of 
operation  and  maintenance,  and  the  returns  which  may  be  expected 
from  the  investment.  He  makes  a  preliminary  reconnoissance 
and  report,  giving  this  data.  If  these  are  approved,  he  then 
makes  a  more  detailed  study  of  the  problem,  mapping  out  the 
general  scheme  more  definitely,  selecting  the  particular  system 
or  type  of  apparatus  best  suited  to  the  local  conditions  of  ser- 
vice, and  preparing  general  plans  and  specifications.  These  he 
accompanies  with  more  detailed  estimates  of  cost.  When  these 
are  approved  by  his  principals,  proposals  are  asked  for,  and 
when  received,  the  engineer  assists  the  purchaser  in  canvassing 
and  comparing  them,  and  in  selecting  that  proposal — not  neces- 
sarily the  lowest — which  seems  best  to  meet  the  requirements  of 
the  work  in  hand. 

The  engineer  then  assists  his  clients  in  drawing  up  the  final 
contracts,  supervises  the  work  during  construction,  and  makes 
such  final  inspections  and  tests  at  completion  as  are  necessary 
to  determine  whether  the  specifications  have  been  complied  with. 

This  has  long  been  the  accepted  custom  in  England,  where  the 
same  difficulty  of  securing  competent  and  unbiassed  engineers 
has  not  been  encountered.  No  trouble  has  been  met  with  in 
that  country  in  applying  the  same  rules  to  these  branches  of 
engineering  which  are  universally  followed  in  other  fields. 

As  might  be  expected  in  any  new  department  of  engineering, 
liowever,  the  relations  between  the  purchaser,  the  engineer,  and 
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contractor  have  not  always  been  harmonious.  The  manufacturer 
frequently  feels  that  he  has  heen  imposetl  upon  ;  the  engineer  is 
often  hampered  by  incompetent  or  unscrupulous  contractors, 
and  between  the  two  the  purchaser  himself  is  sometimes  at  a 
loss  for  a  proper  solution  of  the  difficulty.  While  it  is  true  that 
most  contracts  of  this  character  are  carried  through  satisfac- 
torily, it  must  be  admitted  that  misunderstandings  are  more 
frecpent  than  they  should  be. 

The  discussion  of  these  differences  has  recently  taken  tangible 
form  both  in  this  country  and  England.  In  the  latter  country, 
the  manufacturers  and  engineers  recently  met,  and  succeeded  in 
agreeing  upon  a  number  of  standard  clauses  for  specifications, 
which  removed  many  of  the  olijections  and  criticisms  from  both 
points  of  view.  It  has  been  suggested  that  this  work  of  pre- 
paring standard  specifications  would  come  proj^erly  within  the 
province  of  the  national  engineering  societies,  but  if  these  bodies 
do  not  take  the  matter  up,  somethihg  might  be  accomplished  by 
the  engineers  and  manufacturers  getting  together  for  mutual 
exchange  of  views,  as  was  done  in  England. 

The  present  misunderstandings  may  be  traced  to  a  few  serious 
causes :  In  the  first  place,  the  mechanical  and  electrical  fields 
of  work  have,  unfortunately,  been  embarrassed  by  too  great  a 
number  of  incompetent  and  inexperienced  manufacturers  and 
contractors,  poorly  equipped  for  good  work,  and  with  but  lim- 
ited intelligence  and  skill.  To  these  have  been  added  a  more 
than  ordinarily  large  percentage  of  contractors  who  are  not 
altogether  scrupulous  as  to  their  methods,  and  whose  object  is 
to  finish  the  work  in  almost  any  sort  of  shape  which  will  pass 
muster.  These  incompetent,  inexperienced,  and  unscrupulous 
contractors — though  relatively  few  in  number — have  detracted 
from  the  good  reputation  of  work  of  this  character,  and  have 
forced  upon  the  consulting  engineer  the  necessity  of  inserting 
in  his  sj^ecifications  the  most  rigid  requirements  as  to  the 
character  of  workmanship  and  material,  inspections  and  tests, 
which  would  be  unnecessary  if  it  were  certain  that  the  work 
would  be  awarded  to  contractors  of  established  reputation, 
ability,  and  skill. 

Furthermore,  it  has  been  found  that  some  manufacturers  are 
slow  to  adapt  their  designs  and  patterns  to  advanced  and  im- 
proved practice.  Experience  having  shown  the  clear  and  de- 
cided superiority  of  certain  designs,  the  engineer  is  justified  in 
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embodyinp;  them  iu  his  specifications,  in  spite  of  the  fact  that 
some  manufacturers  will  attempt  to  force  the  continued  use  of 
antiquated  forms. 

Again,  the  manufacturers  are  often  careless  iu  making  guar- 
antees. Some  of  them  do  not  hesitate  to  meet  any  desired 
figures,  if  a  competitor  does  so.  Often  they  will  oblige  them- 
selves to  do  what  is  impossible  with  the  type  of  machinery  they 
offer,  and  trust  to  luck,  or  careless  inspection  or  testing,  to  get 
the  work  accepted  and  paid  for. 

The  grievances  of  the  manufacturers  have  recently  taken 
shape  iu  papers  and  discussions  in  the  electrical  press,  and  may 
be  briefly  summarized  as  follows  : 

First. — That  the  engineer  appears  unwilling  to  receive  sugges- 
tions or  advice  from  the  manufacturers,  as  such  action  might 
detract  from  the  "  dignity  "  of  his  position,  and  that  specifica- 
tions, therefore,  often  contain  many  annoying  and  expensive 
provisions,  sometimes  impossible  of  fulfilment. 

Second. — That  the  engineer  does  not  always  familiarize  himself 
with  the  facilities  and  standards  of  the  manufacturer,  and  thus 
sometimes  calls  for  special  designs  which  can  only  be  made,  if 
at  all,  at  greatly  increased  expense  ;  whereas  standard  apparatus 
would  frequently  answer  the  purpose  equally  well. 

Third. — That  if  the  manufacturer  is  required  to  guarantee 
results,  he  should  not  be  hampered  as  to  details  of  design  or 
construction.  In  other  words,  the  consulting  engineer  should 
not  tell  the  manufacturer  how  he  should  build  his  machine,  but 
simply  hold  him  responsible  for  results. 

To  these  it  may  be  answered,  that  no  harm  can  be  done  by 
full  and  free  consultations  between  the  manufacturer  and  the 
engineer.  They  liave  a  common  object  in  view,  namely,  the 
securing  of  the  best  results.  It  is  natural  that  the  engineer 
should  reserve  unto  himself  a  due  degree  of  dignity,  but  he 
should  not  let  this  characteristic  stand  in  the  way  of  the  best 
service  in  the  interest  of  his  clients. 

The  demand  for  special  machinery,  however,  presents  greater 
difficulties.  It  should  be  remembered  that  electrical  develop- 
ments have  been  so  rapid  in  recent  years — and  with  them  the 
construction  of  special  steam  engines  and  appliances — that  a 
large  percentage  of  the  Avork  has  necessarily  been  special. 
Furthermore,  this  condition  must  continue,  for  the  reason  that 
the  methods  of  generating   and  distributing   electricity  on  a 
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large  scale,  over  wide  areas,  for  endless  varieties  of  purposes, 
have  by  no  means  reached  uniformity  of  practice  or  system, 
and  are  not  likely  to  very  soon.  The  necessity  for  special 
machinery  will,  therefore,  remain  with  us  indefinitely,  and  Avill 
continue  to  cover  a  large  percentage  of  our  work.  We  must 
not  lose  sight  of  the  fact  that  to  attempt  to  carry  the  idea  of 
standards  too  far  will  surely  result  in  hindering  improvements 
and  stifling  progress. 

I  do  not  desire  to  be  understood,  of  course,  as  decrying  the 
use  of  standard  apparatus  for  that  large  and  increasing  per- 
centage of  cases  for  which  it  is  eminently  well  adapted.  The 
manufacturers  deserve  great  credit  for  reducing  their  machines 
for  different  classes  of  service  to  standards,  and  the  engineering 
profession  is  under  many  obligations  to  them  for  doing  so  in 
so  thorough  and  excellent  a  manner.  The  reduced  cost  of 
standard  apparatus ;  the  fact  that  in  using  it  one  follows  pre- 
cedent ;  that  repairs  can  be  more  quickly  and  more  cheaply 
obtained,  and  that,  when  secured,  the  different  parts  are  actually 
interchangeable,  and  will  fit ;  and  the  further  fact  that  standard 
machines  can  usually  be  secured  in  less  time,  being  frequently 
carried  in  stock — all  these  are  points  of  tangible  advantage 
which  no  conscientious  engineer  can  afford  to  overlook.  Stand- 
ard apparatus,  however,  is  only  possible  when  permanency  of 
type  and  a  reasonably  constant  demand  in  large  quantities  are 
assured.  While  it  will  frequently  pay  the  engineer  to  modify 
his  plans  so  as  to  use  standard  apparatus,  there  is  a  point 
beyond  which  he  cannot  go.  In  such  cases  he  must  use  special 
apparatus  more  closely  adapted  to  his  particular  needs.  All 
these  points  must  be  given  the  most  thorough  consideration, 
and  before  requiring  special  work,  the  engineer  must  satisfy 
himself  beyond  doubt  that  his  principal's  needs  can  better  be 
supplied  in  this  manner,  even  at  the  increased  cost,  and  in  spite 
of  the  greater  risks  which  always  accompany  the  use  of  new 
and  untried  apparatus. 

The  contention  that  when  a  manufacturer  guarantees  results 
he  should  be  allowed  to  design  and  build  the  machine  in  his 
own  way,  may  be  gi-anted  in  so  far  as  the  guarantee  can  be 
made  to  cover  every  possible  valuable  feature.  When  a 
reasonable  number  of  manufacturers,  however,  have  adopted 
certain  designs  and  processes  of  unquestioned  superiority,  and 
where  these  have  an  important  bearing  on  the  life  and  relia- 


THE  PURCHASER,  THE  ENGINEER,  >ND  THE  MANUFACTURER.       G91 

bility  of  the  machine,  its  freedom  from  annoying  interruptions, 
and  which  reduce  or  avoid  the  necessity  for  close  and  continual 
attention,  it  is  proper  to  write  the  specifications  so  as  to  limit 
competition  to  machines  of  this  advanced  type. 

Contractors  frequently  object  to  specifications  which  include 
a  deduction  for  delay  in  completing  the  work,  but  which  allow 
no  extra  compensation  for  finishing  the  work  earlier  than  the 
date  specified.  When  it  is  possible  for  the  purchaser  to  make 
use  of  the  plant  at  the  earlier  date,  this  criticism  is  well 
founded.  It  is  usually  the  case,  however,  that  the  earlier  com- 
pletion in  no  way  benefits  the  owner,  because  other  equally 
important  contracts  may  not  be  finished,  or  because  the  date 
of  leases  or  contracts  for  service  from  the  plant  cannot  be 
brought  forward.  The  delay  of  an}'  one  contractor,  however, 
might  readily  cause  the  purchaser  serious  loss. 

Another  objection  made  by  the  manufacturer — and  one  which 
is  not  wholly  without  justification — is  the  unnecessarily  exact- 
ing requirements  of  some  specifications,  and  the  annoyance 
to  which  they  are  subjected  by  the  engineers.  It  is  unfortu- 
nately true  that  our  profession  has  been  no  more  fortunate  than 
others  in  keeping  out  of  its  ranks  the  incompetent  and  the 
unscrupulous.  These  men  have  brought  disgrace  upon  the  pro- 
fession, and  the  objection  of  the  manufacturers  to  being  handi- 
capped by  them  is  well  founded.  There  is,  however,  no  reason 
now  why  the  purchaser — even  though  absolutely  unfamiliar 
with  work  in  this  field — should  make  a  mistake  in  selecting  an 
engineer,  as  a  very  little  investigation  will  enable  him  to  ascer- 
tain the  character,  ability,  and  experience  of  the  man  under 
consideration. 

The  engineer  stands  between  the  purchaser  and  the  contractor, 
and  while  he  may  sometimes  insist  upon  his  client's  rights  to  an 
extent  which  may  appear  unjust,  he  nevertheless  recognizes  the 
purchaser's  obligations  as  well,  and  will  see  that  his  end  of  the 
contract  is  equally  well  maintained.  In  this  way  unreasonable 
requirements  may  be  avoided,  prompt  payments  secured,  and 
the  acceptance  and  settlement  made  at  the  proper  time  and 
along  reasonable  lines. 

Unfortunately  there  are  some  manufacturers  who  think  the 
consulting  engineer  unnecessary,  and  that  the  business  could  be 
better  transacted  directly  between  the  manufacturer  and  pur- 
chaser. This  would  be  true  if  the  purchaser  were  always  com- 
45 
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peteiit  to  ju(l«j;o  of  the  relative  merits  of  tlie  different  systems  of 
apparatus.  Uiifortunately  the  a<^eiit  of  the  manufacturer  can- 
not always  be  trusted  implicitly  as  to  recommendations,  for  two 
reasons  :  First,  he  has  not  the  time  to  give  to  the  detailed 
study  of  the  problem  which  the  consulting  engineer  must  give 
in  order  to  make  a  proper  selection ;  secorul,  his  recommenda- 
tions are  too  often  biassed  by  a  desire  to  sell  standard  apparatiis, 
or  some  specialty  of  his  own,  which  could  be  used  for  the  work, 
although  less  advantageously  than  something  else. 

It  is  here  that  the  engineer  serves  his  client  best,  in  seeing 
that  the  proper  apparatus  is  selected,  and  that  it  is  bought  at 
reasonable  figures.  The  days  when  the  salesman  with  the 
glibbest  tongue  did  the  m/Dst  business  are  fortunately  passing 
away,  and  the  small  manufacturer  has  as  good  a  show  to  do 
business  with  the  engineer  as  one  of  longer  standing,  providing 
his  apparatus  is  clearly  the  best  for  the  work. 

The  engineer  compares  machines  on  as  nearly  the  same  basis 
as  possible.  So  far  as  the  character  of  the  machine  will  permit, 
he  requires  all  proposals  to  be  on  the  same  apparatus.  When 
this  is  impracticable  he  specifies  capacities,  results,  and  general 
type  or  construction,  leaving  the  manufacturers  to  vary  the 
details  in  accordance  with  their  own  designs  and  practice. 
Such  proposals,  however,  should  be  accompanied  by  ample 
data,  so  that  the  points  of  agreement  and  difference  may  be 
clearly  brought  out.  With  these  data  before  him  the  engineer 
is  prepared  to  analyze  the  bids,  and  to  make  a  recommendation 
based  upon  merit  alone,  irrespective  of  the  name-plate  which 
may  be  attached  to  the  machine. 

It  is  not  meant  by  this  that  no  weight  whatever  is  to  be  given 
to  long  experience  and  established  rejjutation,  as  there  are 
many  details  which  cannot  be  inquired  into,  and  must  be  left  to 
the  manufacturer's  judgment.  No  conscientious  engineer,  how- 
ever, Avill  let  the  mere  reputation  of  a  manufacturer  carry  undue 
weight. 

Early  in  vaj  own  practice  I  learned  that  while  elaborate  and 
detailed  specifications  embodying  all  sorts  of  unusual  and 
peculiar  requirements  might  impress  the  non-technical  reader, 
and  might  even 'gratify  the  purchaser,  they  invariably  limited 
competition,  and  led  to  excessive  prices  and  annoying  delays, 
and  that  by  purchasing  machines  as  nearly  standai"d  as  possible, 
and  by  modifying  the  contract  to  a  reasonable  extent,  to  suit 
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the  manufacturer  in  unimportant  details,  much  better  terms 
coukl  be  made  without  increased  trouble  to  either  the  pur- 
chaser or  the  engineer. 

The  contract  forms  submitted  by  many  manufacturing  com- 
panies are  unfair  to  the  purchaser,  in  that  they  are  wholly  one- 
sided, and  are  intended  to  protect  the  seller  in  every  way 
possible,  while  tlie  rights  of  the  purchaser  are  given  but  little 
consideration.  Such  contract  forms  are  far  too  common,  and 
for  the  credit  of  the  profession  it  is  hoped  that  these  may  be 
modified,  and  brought  to  a  more  equitable  basis. 

The  ordinary  proposals  submitted  by  many  companies  are 
equally  unfair.  Perhaps  the  most  flagrant  instance  of  this  is 
the  statement  in  many  bids  that  they  are  not  effective  until 
approved  by  an  executive  officer.  Such  proposals  are  not 
worth  the  paper  they  are  written  on,  and  should  not  be  consid- 
ered for  a  moment  by  any  self-respecting  engineer,  as  they  in 
no  way  bind  the  bidders,  and  their  acceptance  simply  ties  up 
the  purchaser.  Instances  are  not  lacking  where  manufacturers 
have  taken  advantage  of  this  clause  to  repudiate  bids  appar- 
ently made  in  good  faith.  So  common  is  this  practice  that  it 
has  become  necessary  to  incorporate  a  clause  in  the  "Notice  to 
Bidders  "  to  the  effect  that  proposals  which  are  not  made  in  good 
faith  will  not  be  considered. 

Another  unfortunate  practice  is  that  which  many  manufac- 
turers have  of  asking  the  return  of  their  proposals  and  accom- 
panying data  as  soon  as  the  award  is  made.  These  papers  are 
necessary  to  the  purchaser  and  tlie  engineer,  to  make  a  com- 
plete record  of  the  transaction,  and  should  be  retained  by  them. 

On  the  other  hand,  it  must  be  admitted  that  some  engineers' 
specifications  are  unfair  to  the  manufacturer.  The  points  on 
which  these  complaints  are  based  have  been  given  due  consid- 
eration, and  in  my  own  practice  have  led  to  the  following  rules  : 

First. — When  it  is  desired  to  permit  the  bidder  some  elasticity, 
and  not  to  require  him  to  adhere  rigidly  to  the  specifications,  the 
"  Notice  to  Bidders "  contains  a  clause  reserving  the  right  to 
waive  informalities. 

Second. — The  engineer  is  made  the  arbitrator  of  all  disputes, 
but  appeal  is  always  permitted  to  a  referee  or  referees.  If  the 
contractor  thinks  he  is  being  treated  unfairly  he  may  avail 
himself  of  this  privilege. 

Third. — A    clause   is   frequently  inserted  to  the  effect   that 
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where  a  special  make  or  type  of  apparatus  is  mentioned  in  the 
specifications,  it  is  not  intended  to  mean  the  exclusion  of  all 
others,  but  simply  as  establishing  a  standard  of  excellence. 
The  bidder  may  substitute  other  apparatus  in  his  proposal,  the 
engineer  reserving  the  right  to  judge  as  to  whether  the  article 
oflFered  is  equivalent  to  that  specified. 

Fourili. — Where  the  work  is  such  that  it  is  impossible  to  go 
into  details  very  fully,  and  where  the  apparatus  is  of  such 
a  character  that  different  builders  offer  different  types  of  con- 
struction, which  accomplish  substantially  the  same  results  ;  or 
where  it  is  desired  to  secure  the  benefit  of  the  most  recent 
improvements,  a  general  clause  like  the  following  is  sometimes 
inserted  : 

"  While  it  is  believed  that  the  following  specifications  prop- 
erly cover  the  needs  of  the  purchaser  at  this  time,  they  are  not 
necessarily  final.  Bidders  are  invited  to  submit  alternative 
propositions  embodying  any  other  types  of  apparatus,  or  other 
details  of  construction,  which  in  their  judgment  may  seem  as 
W'Cll,  or  better,  adapted  to  the  purchaser's  needs  " 

It  is  to  be  hoped  that  this  presentation  of  the  matter  may 
result  in  a  better  understanding  among  all  parties  interested,  as 
to  mutual  obligations  and  responsibilities.  I  believe  I  may  say 
for  the  engineers  that  they  will  meet  the  manufacturers  fully 
half  way  in  an  effort  to  reach  a  more  satisfactory  basis  of  coop- 
eration, and  to  bring  about  a  higher  standard  of  design,  work- 
manship, and  efficiency,  and  a  more  uniform  and  equitable  defi- 
nition of  contract  relations. 

DISCUSSION. 

Col.  E.  D.  Meier. — From  the  standpoint  of  the  manufacturer 
and  contractor  I  must  say  that  I  heartily  agree  with  most  of  what 
Mr.  Bryan  lias  said.  It  is  an  unfortunate  fact,  as  most  engineers 
have  noticed,  that  in  the  mind  of  the  average  client  with  whom 
Ave  have  to  deal  the  architect  is  a  superior  being,  and  the 
engineer  is  to  be  employed  occasionally,  but  not  to  be  given  much 
weight  after  all;  and  it  is  partly  due  to  the  fact  which  Mr.  Bryan 
has  mentioned  that  the  purchaser  does  not  come  into  such 
close  and  intimate  relations  with  the  engineer  as  with  the  archi- 
tect. Every  man  naturally  draws  his  illustrations  from  his  own 
practice,  and  therefore  I  may  be  excused  if  I  refer  to  the  boiler  in 
this  connection.     We  have  often  had  specifications  for  boilers 
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where,  for  tlie  conveuieuce  of  the  architect,  the  boilers  were  to  be 
made  part  of  the  heatiug  contract.  While  there  are  a  number  of 
first-class  steam-heating  contractors  in  the  United  States,  our  ex- 
perience has  been  that  only  once  in  ten  times  does  one  of  those 
large  responsible  concerns  get  the  contract.  The  contract  is  gen- 
erally given  to  some  plausible  fellow  who  happens  to  have  a  little 
credit  with  the  man  who  sells  the  pipe,  and  he  then  has  the  say 
in  everything.  He  even  draws  the  specifications  for  the  architect, 
which  ought  to  be  drawn  by  a  competent  mechanical  engineer, 
and  the  consequence  is  that  the  boiler  firm,  which  perhaps  is 
the  more  responsible  of  the  two,  has  to  look  to  this  heating  firm 
for  everything,  and  they  are  therefore  placed  at  a  disadvantage. 
First  of  all,  the  specifications  are  generally  so  drawn  as  to  favor 
some  one  who  has  favored  this  little  steam-heating  contractor. 
Then,  instead  of  the  pay  coming  direct  from  the  owner  of  the 
building,  as  it  should,  it  sifts  in  some  way  through  the  steam- 
heating  contractor,  and  sometimes  it  takes  several  years  to  sift 
through.  Now,  that  woukl  be  avoided  if,  instead  of  taking  some 
irresponsible  party  as  an  assistant  to  the  architect,  a  party  so 
irresponsible  that  his  name  does  not  even  appear;  if,  in  the  case 
of  a  large  office  building,  for  instance  (one  such  case  is  enough, 
and  it  will  illustrate  as  well  as  any  other),  where  the  mechanical 
details  are  fulh'  as  important  as  the  architectural  details,  the 
mechanical  engineer  should  stand  on  the  same  level  with  the  ar- 
chitect, and  matters  relating  to  boilers,  engines,  dynamos,  steam 
piping,  shafting,  etc.,  should  be  distinctly  and  directly  left  to  the 
mechanical  engineer,  so  that  we  should  know  with  whom  we  are 
dealing.  Every  honest  manufacturer  or  contractor  can  do  better 
work  under  those  circumstances  than  when  he  has  to  deal  with 
irresponsible  parties.     That  is  one  thing. 

Another  thing  is  the  frequent  mixing  up  of  things  which  are 
entirely  separate,  and  compelling  the  one  to  depend  on  the  other, 
simply  on  account  of  the  laziness  of  the  architect  or  of  the  me- 
chanical engineer  who  may  have  been  employed.  I  have  one 
case  in  mind  which  is  characteristic,  and  has  occurred  a  number 
of  times  in  the  last  few  years.  It  is  that  responsible  boiler  firms 
were  compelled  to  bid,  giving  certain  guarantees  on  performance 
with  certain  classes  of  furnaces,  the  boiler  firms  in  every  instance 
having  more  responsibility  than  the  furnace  firms,  the  boiler  men 
being  compelled  by  the  consulting  engineer  to  guarantee  results 
with  those  furnaces,  so  that  they  stood  the  chance  of  loss  and  the 
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furnace  man  could  f::o  out  scot  free.  His  word  was  simply  taken 
that  he  could  do  so  and  so,  and  he  could  do  it  with  such  and  such 
boilers.  Why  should  not  he  be  made  to  prove  his  own  guarantee  ? 
Now,  there  is  a  case  for  a  rational  mechanical  engineer  to  step  in — 
a  man  who  is  not  lazy  and  has  the  courage  of  his  profession — and 
say :  "  It  is  my  responsibility  as  a  mechanical  engineer  to  separate 
those  two  things.  I  can  tell  whether  it  is  the  furnace  or  the 
boiler  that  is  at  fault,  and  I  will  hold  the  proper  party  responsible." 

Those  are  just  two  instances  that  I  refer  to,  but  there  are  a 
great  many  others,  such  as  specifying  a  certain  material  by 
name  or  by  brand  when  the  manufacturer  knows  that  he  is  in  the 
habit  of  using  better  material,  and  for  the  sake  of  the  protection 
of  his  own  prestige  and  standing  wants  to  use  a  better  material, 
but  cannot  do  it  because  a  poorer  material  is  specified  by  a  cer- 
tain brand.  There  is  another  chance  for  a  mechanical  engineer, 
and  I  think  that  this  Society  could  do  nothing  more  calculated  to 
improve  the  standing  of  the  mechanical  engineers  than  to  adopt 
Mr.  Bryan's  suggestion  of  drawing  up  a  set  of  general  specifica- 
tions which  will  be  binding  on  the  mechanical  engineer  as  well 
as  on  the  manufacturer  and  contractor.  That  could  be  done  by 
getting  representatives — there  are  in  our  body  here  representa- 
tives of  the  manufacturers  or  contractors  and  representatives  of 
the  consulting  engineers  as  such  ;  and  if  the  Council  will  appoint  a 
committee  to  formulate  some  of  these  points,  then  the  grievances 
both  of  the  contractors  and  the  mechanical  engineers  could  be 
laid  before  such  a  committee,  and  I  think  general  specifications 
could  be  drawn  up  under  which  both  could  work  harmoniously, 
and  it  would  be  a  blessed  thing  for  all  the  manufacturers  when 
we  could  appeal  in  such  cases  to  mechanical  engineers  having  a 
proper  understanding  of  the  ethics  of  the  profession. 

Mr.  Chas.  W.  Barnahi/. — I  desire  to  enter  my  protest  against  the 
practice  of  compelling  one  manufacturer  to  guarantee  another's 
product,  which  has  been  referred  to  by  the  last  speaker.  In  the 
engine  business  we  strike  this  in  connection  with  steam  pumps  and 
condensers  used  with  the  engines.  I  recall  one  case  in  particular 
where  those  who  bid  under  the  specification  were  compelled 
to  make  a  guarantee  on  steam  consumption  of  two  small  engines, 
the  steam  consumed  by  the  feed  pump  to  be  charged  to  the  en- 
gines. The  steam  pump  was  only  to  supply  the  feed  to  the 
boiler  during  the  test,  but  was  much  larger  than  necessary  for 
that  purpose,  and  consequently  consumed  more  steam  than  would 
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be  required  bv  a  pump  of  the  proper  size  for  feediug  the  boiler. 
The  pump  and  engines  were  in  separate  divisions  of  the  sj^ecifica- 
tions,  and  were  expected  to  be  furnished  bj  separate  contractors, 
and  if  my  recollection  serves  me,  when  the  engine  proposals  were 
called  for  the  pump  contract  had  already  been  closed,  so  that  the 
pump  was  entirely  out  of  the  engine  bidders'  control. 

It  is  not  right  for  the  architect  or  engineer  to  draw  up  specifi- 
cations in  such  a  manner  as  to  compel  one  manufacturer  to  guar- 
antee another  manufacturer's  product.  If  they  desire  a  guarantee 
on  engine,  condenser,  feed  pump,  and  boiler  they  should  have  each 
manufacturer  guarantee  his  own  product,  particularly  when  they 
are  furnished  under  separate  divisions  of  the  contract.  There  may 
be  a  little  excuse  for  compelling  one  manufacturer  to  guarantee 
the  other's  product  when  the  specifications  are  drawn  up  in  such 
manner  that  one  contractor  must  furnish  all  of  the  machinerj'  of 
whose  performance  he  is  required  to  guarantee  the  economy.  Then 
he  is  in  a  position  to  demand  a  guarantee  from  the  manufacturer 
from  whom  he  purchases  those  parts  of  the  outfit  which  he  does 
not  manufacture  himself,  but  the  very  common  practice  of  com- 
pelling the  contractor  in  one  division  to  guarantee  the  economy 
and  performance  not  only  of  his  own  machinery,  but  also  that 
furnished  by  another  contractor  under  a  separate  division  of  the 
specifications  and  over  which  he  has  no  control  whatever,  is  en- 
tirely wrong  and  uncalled  for.  It  seems  to  me  that  this  is  an  in- 
justice that  those  who  draw  up  specifications  should  recognize, 
and  which  might  be  corrected  by  having  a  standard  specification 
formulated  by  a  committee. 

Mr.  T.  T1".  Hugo. — There  are  several  points  of  view  from  whicli 
we  may  observe  the  relation  which  the  consulting  mechanical  engi- 
neer bears  to  the  purchaser  and  the  manufacturer.  If  he  is 
merely  the  mechanical  expert,  his  ideas  will  be  drawn  off  in  the 
direction  suggested  by  Mr.  Barnaby  and  Mr.  Meier — that  is,  he 
will  look  upon  that  side  of  the  question  entirely ;  but  if  he  is  in 
the  capacity  of  the  confidential  adviser  of  the  purchaser  to  stand 
between  him  and  the  manufacturer,  to  put  into  plain  words  the 
technical  language  of  the  seller,  and  weigh  the  statements  made 
and  accord  them  their  fair  value,  he  is  then  in  another  position, 
and  I  think  we  should  consider  him  as  a  two-sided  individual,  in 
the  one  case  the  mechanical  engineer  and  adviser,  and  in  the 
other  the  confidential  friend  and  adviser  engaged  by  the  pur- 
chaser to  protect  himself  from  imposition. 
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I  have  generally  found  that  the  purchaser  turns  out  to  be  the 
under  dog,  the  manufacturer  being  more  experienced  and  able  to 
take  care  of  himself,  and  I  believe  the  consulting  mechanical  en- 
gineer Avill  come  more  iuto  favor  when  he  is  able  to  be  as  good  a 
business  man  as  he  is  a  mechanical  engineer,  and  thus  be  the 
better  fitted  to  serve  his  client  in  those  things  which,  as  a  mere 
engineer,  he  is  apt  to  throw  on  to  his  employer.  I  also  think 
that  our  interests  as  consulting  mechanical  engineers  are  with  the 
purchaser,  securing  for  him  that  for  which  he  pays  his  money, 
after  seeing  that  the  specifications  are  properly  prepared  and  the 
contract  securely  drawn,  and  then  in  case  of  dispute  acting  as 
judge,  and  doing  equal  justice  to  all  parties  concerned  according 
to  the  documents  so  prepared. 

I  think  a  standard  set  of  specifications,  except  as  to  a  few  gen- 
eral clauses,  would  be  of  little  use,  for  the  reason  that  difi'erent 
conditions  prevail  in  different  parts  of  the  country,  different  busi- 
ness methods  and  usages,  and  different  mechanism  and  apparatus 
used,  so  that  the  specifications  would  have  to  be  so  broad  as  to 
be  practically  useless,  and  subject  to  great  modification  in  each 
case.  Besides,  under  such  a  standard  we  are  liable  to  get  into  a 
rnt,  which  should  be  avoided. 

Colonel  Meier. — I  would  just  mention  one  other  little  incident 
which  I  have  come  across  in  practice  several  times,  and  that  is  a 
form  of  architect's  specifications  in  which,  after  going  into  a  long 
typewritten  specification  of  just  what  is  wanted,  there  is  this 
little  printed  clause  at  the  end — I  cannot  remember  the  exact 
wording,  but  the  meaning  of  it  is  this  :  "If  I,  the  architect,  have 
forgotten  anything,  you,  the  manufacturer,  have  got  to  supply  it." 

3Ii\  BryanT' — I  believe  there  is  little  further  to  be  said  at  this 
time.  I  want  to  call  attention,  however,  to  a  point  mentioned  in 
the  papei',  that  in  England  the  manufacturers  and  engineers  have 
already  gotten  together  and  adopted  standard  forms  for  the 
"  General  Provisions''  which  are  always  introductory  to  the  specifi- 
cations covering  the  details  of  the  work.  The  American  Institute 
of  Electrical  Engineers  has  also  appointed  a  committee,  with  a 
view,  if  possible,  of  agreeing  upon  some  standard  form  of  specifi- 
cations or  standard  method  of  making  tests  of  electrical  machi- 
nery. The  point  has  been  made  of  the  objections  to  combined 
contracts,  particularlv  where  they  embody  guarantees  of  different 

*  Author's  closure,  under  tlie  Rules. 
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parts  of  the  work.  This  is  one  of  the  greatest  difficulties  we- meet 
with,  and  can  only  be  solved  in  each  case  by  considering  the  spe- 
cial circumstances  surrounding  it.  "We  all  know  how  much  bet- 
ter it  is  to  have  all  the  work  of  a  certain  character,  or  field,  in  the 
hands  of  one  contractor.  In  spite  of  all  that  we  can  do,  it  is  al- 
most impossible  to  clearly  define  the  point  where  one  man's  re- 
sponsibility ceases  and  the  next  man's  begins,  and  that,  of  course, 
is  why  we  combine  contracts  as  far  as  possible.  Now  it  seems  to 
me  that  when  that  is  properly  done  it  is  not  such  a  bugaboo  after 
all.  It  is,  of  course, 'unfair,  as  has  been  so  frequently  said,  to  hold 
the  man  taking  the  contract  responsible  absolutely  for  the  guar- 
antees of  each  of  the  different  sections  ;  but  if  in  the  paragraph 
defining  the  method  of  making  the  guarantee  tests  and  stating  the 
conditions  of  acceptance  it  is  clearly  explained  that  th-e  failure 
of  any  particular  section  of  the  work  will  not  invalidate  the  whole 
contract,  or  hold  back  the  contractoi-'s  money  on  other  sections, 
and  that  he  can  go  ahead  with  the  rest  and  get  a  settlement  and 
acceptance,  it  seems  to  me  that  we  have  removed  the  most  serious 
difficulty.  The  general  contractor  in  such  cases  should  always 
protect  himself  l)y  the  same  character  of  contract  and  bond  from 
the  sub-contractors  that  he  has  himself  given  the  principal. 

As  to  the  relations  of  the  engineer  to  the  contractor  and  to  the 
purchaser,  I  have  alwaj^s  assumed  that  up  to  the  time  of  drawin*^ 
a  contract  the  interests  of  the  engineer  are  almost  wholly  with  the 
purchaser,  but  after  the  contract  is  once  drawn  and  is  in  effect, 
the  engineer  occupies  more  nearly  the  position  of  an  arbitrator. 
While  he  is  paid  entirely  by  the  purchaser,  he  still  has  certain 
obligations  to  the  contractor.  The  contractor  has  a  right  to  look 
to  him  for  a  fair  and  reasonable  interpretation,  not  a  one-sided 
interpretation,  of  the  specifications,  and  from  that  point  of  view 
the  contractor,  it  seems  to  me,  has  a  protection  which  he  would 
not  get  ordinarily  directly  with  the  purchaser. 
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NOTE  ON  THE  CARBON-CONTENTS  OF  PISTON-RODS 
AS  AFFECTING  THEIR  ENDURANCE  UNDER 
FATIGUE. 

BY  JOSEPU    E.    JOUNSON,  JR.,  LON'GDALE,  VA. 

(Junior  Member  of  th«  Society.)    ^ 

The  subject  of  the  relative  endurance  under  reversed  stresses 
of  materials  of  dijfferent  tensile  strength  and  hardness,  has  re- 
cently been  attracting  a  considerable  amount  of  attention  from 
eugineers,  and  the  theory,  until  recently  universally  held,  that  for 
withstanding  these  repeated  or  reversed  stresses  a  very  soft 
material  was  necessary,  has  had  to  be  revised  to  the  extent  of 
complete  abandonment,  at  least  in  many  cases.  It  is  not  with 
the  idea  of  communicating  anything  new,  but  merely  as  a  strictly 
practical  confirmation  of  the  valuable  work  done  by  others  that 
the  following  data  are  given. 

About  six  years  ago  the  company  with  which  the  writer  is  con- 
nected bought  a  compound  locomotive  of  the  Baldwin  or  Yauclain 
type,  no  description  of  which  is  needed  before  this  Society, 
except  to  recall,  for  the  sake  of  clearness,  the  fact  that  the  high 
and  low  pressure  cylinders  lie  as  close  together  as  }x>ssible,  one 
vertically  above  the  other,  the  rods  from  the  two  cylinders  being 
fastened  to  the  same  crosshead,  which  is  of  the  four-bar  type,  and 
located  centrally  between  the  two  rods,  as  shown  by  the  ac- 
companying drawing  (Fig.  170).  The  wings  or  guiding  surfaces 
are  made  very  long  in  the  direction  of  the  stroke,  to  overcome 
the  torque  set  up  by  the  unequal  and  constantly  varying  pres- 
sures on  the  high  and  low  pressure  pistons  respectively.  These 
pressures  are  made  as  nearly  equal  as  possible  by  the  steam 
distribution,  but  practically  there  is  always  considerable  differ- 
ence at  some  part  of  the  stroke,  so  that  there  is  a  stress  tending 
to  tilt  the  crosshead  one  way  during  one  stroke  and  the  opposite 
way  during  the  other.  This  stress  puts  a  considerable  pressure 
on  the  diagonally  opposite   corners  of   the  guiding   wings,  and, 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the 
Transactions. 
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the  reciprocating  motion  going  on  while  under  this  pressure,  wear 
takes  place  on  the  corner  of  the  wings  first,  and  allows  a  slight 
rocking  of  the  crosshead,  a  complete  oscillation  occiirring  at  each 
revolution  when  running  under  steam. 

The  piston-rods  are  fastened  to  the  crosshead  with  the  regular 
taper  fit  drawn  up  to  a  shoulder  by  a  nut.  This  connection  being 
rigid,  and  the  opposite  end  of  the  rods  prevented  from  vibrating 
with  the  crosshead  bj  the  fit  of  the  pistons  in  the  cylinder,  the 
rods  are  bent  at  the  shoulder  through  a  very  small  arc  in  each 
direction  verticall}',  at  each  revolution. 


Drawing  sliews  Rofls  as  furn!sh«<!  for  Ko.S  tocomotive 
Tliose  for  No.  4  are  not  reduced  back  of  Shoulder. 
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Fig.  170. 

This  first  locomotive  ran  for  three  3-ears  and  two  months,  when 
a  duplicate  was  bought,  and  the  first  put  in  the  shop  for  a  general 
overhauling  previous  to  taking  the  place  of  the  smaller  engines  on 
another  part  of  the  road,  the  new  one  taking  the  run  of  the  old  one. 
During  the  overhauling  the  piston-rods  were  renewed,  having 
worn  down  too  small  to  work  well  with  the  metallic  packing  any 
longer.  The  material  for  the  new  rods  was  ordinary  "  machinery 
steel,"  taken  from  stock  on  hand.  The  rods  on  this  engine 
(No.  4),  it  should  be  stated,  were  straight  from  shoiilder  to 
shoulder,  while  those  of  the  "  duplicate  "  (No.  5)  were  reduced  in 
the  body,  having  a  collar  ^  inch  larger  than  the  rod  and  h,  inch 
wide  next  to  the  shoulder  at  the  crosshead  end. 

After  having  been  in  service  about  fourteen  months,  one  of  the 
low-pressure  rods  of  No.  5  "  let  go,"  and  smashed  the  cylinder- 
head,  without,  however,  doing  any  very  serious  damage.  Within 
a  few  weeks  the  overhauled  engine  did  the  same  thing. 

This  was  becoming  a  serious  matter,  and  after  some  careful 
consideration    the    writer  ordered    some   genuine   Swedisli    iron 
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to  make  rods  of.  It  was  beautiful  stock,  aud  so  soft  that  it  acted 
almost  like  lead  iu  the  lathe,  being  very  difficult  to  got  a  smooth 
tioish  on.  A  set  of  these  was  put  into  one  of  the  engines  at  once, 
aud  ran  about  four  months,  when  one  of  them  let  go  in  the  same 
way.  The  rods  that  broke  were  all  low-pressure  ones,  due 
undoubtedly  to  the  fact  that  in  the  "  emergency,"  or  starting 
gear,  those  cylinders  get  almost  full  boiler  pressure ;  180  pounds 
per  square  inch.  The  rods  were  all  broken  in  the  same  way, 
aud  right  in  the  shoulder,  the  metal  cracked  at  top  and  bot- 
tom, aud  the  crack  gradually  widened,  as  could  be  seen  by  the 
worn  appearance  of  the  upper  and  lower  segments  of  the  break, 
which  gradually  approached  each  other  until  only  a  narrow 
horizontal  strip  of  solid  metal  was  left  across  the  middle  of  the 
rod  when  the  final  ruj^ture  occurred. 

Soon  after  ordering  the  Swedish  iron,  the  writer  came  across  one 
or  two  articles  bearing  upon  this  subject  of  the  endjirance  of  soft' 
and  hard  steel  or  iron  under  fatigue,  and  describing  tests  made  to 
elucidate  this  point,  notably  those  of  the  Pope  Tube  Company  and 
the  Bethlehem  Iron  Company,  which  showed  quite  clearly  that 
high-carbon  steel  was  infinitely  better  than  low-carbon,  and  that 
nickel-steel  was  better  than  either  for  such  service  ;  also  that  very 
soft  material,  like  Swedish  iron,  lacked  endurance  under  fatigue. 

Therefore  the  breaking  of  the  rod  of  this  material  was  not  a  very 
great  surprise,  and  was  met  by  ordering  material  for  a  set  of  rods  of 
high  carbon  and  one  of  nickel-steel  from  the  Bethlehem  Iron  Com- 
pany. These  have  now  been  in  considerably  over  a  year,  and  we 
hope  that  they  will  last  long  enough  to  wear  out  without  breaking. 

The  writer  had  the  three  rods  which  had  broken,  and  the  one 
which  had  worn  out,  analyzed,  to  see  how  they  bore  out  the 
theory  of  high-carbon  material  versus  low. 

The  results  are  given  herewith  : 


Sulphur. 

Manganese. 

Phosphorus. 

Silicon. 

Carbon. 

First  rod  iu  Xo.  4  locomotive  ;  ma- 

chine steel  ;    ran  three  vears  and 

two  months  without  breaking.  .  .  . 

.094 

.70 

.082 

.014 

.466 

Second  rod  iu  Xo.  4  locomotive  ;  ma- 

chine  steel  from  Longdale  stock  ; 

ran  fifteen  months  and  broke 

.056 

.64 

.125 

.021 

.152 

First  rod  in  Xo.  5  locomotive  ;  iron  ; 

ran  fourteen  monthriand  broke. .  . 

.020 

.12 

.04 

.148 

.129 

Third  lod  in  Xo.  4  locomotive  ;  Xor- 

way  iron  ;  ran  four  niontlis  and 

broke  

.006 

.05 

.055 

.021 

.044 
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It  will  be  seen  that  these  results  bear  out  the  theory  to  a  strik- 
ing extent,  there  being  nothing  in  No.  1  to  cause  its  far  greater 
endurance  except  the  carbon,  and  possibly  to  a  slight  extent  the 
sulphur,  which  is  also  claimed  by  some  to  be  a  hardener. 

It  is  very  difficult  to  deduce  any  quantitative  results  as  to 
number  of  reversals  of  stress  producing  flexure  even  approxi- 
niatel}',  because  even  given  the  approximate  daily  mileage  of  the 
engines  and  the  size  of  the  drivers,  it  is  impossible  to  say  what 
portion  of  the  total  running  was  done  under  steam,  the  grades 
being  quite  heavy,  and  the  trains  running  by  gravit}^  for  nearly 
half  the  total  distance. 

If  thirty  miles  per  day  under  steam,  twent}--eigbt  days  per 
month,  be  taken,  tlie  diameters  of  the  drivers  being  thirty-six 
inches,  the  revolutions  per  day  would  be,  say  16.000,  and  per 
month  say  450,000 ;  this  would  make  for  the  second  and  thh'd 
rods  about  6,000,000  double  flexures  before  rupture,  and  for  the 
Swedish  iron  rod  say  1,800,000. 

There  is  no  way  of  giving  the  amount  of  flexure  ;  the  crosshead 
probably  never  tilted  more  that  jr\  inch  in  twent^'-four  inches  to 
either  side  of  the  vertical,  but  this  amount  varied  as  the  wear 
occurred,  and  was  taken  up ;  also  it  is  not  possible  to  tell  what 
portion  of  the  total  length  of  the  rod  absorbed  this  flexure,  so 
that  it  is  impossible  to  give  any  figures  having  a  scientific  value. 

The  theory  of  the  superior  endurance  of  harder  materials  under 
fatigue  has  been  explained  many  times,  and  by  those  far  more 
competent  to  do  it  than  the  writer,  so  that  nothing  on  that  sub- 
ject is  said  here. 

As  stated  at  the  beginning,  this  is  only  intended  as  a  strictly 
practical  confirmation  of  facts  already  brought  out  by  the  splendid 
researches  of  others. 

DISCUSSION. 

3l?\  Thomas  12.  Almond. — Hardened  steel,  if  immersed  in  a 
liquid  such  as  a  solution  of  cj'anide  of  potassium,  may  become 
weakened,  and  if  it  remains  there  long  enough  it  may  break.  A 
fracture  may  be  started  as  soon  as  immersion  takes  place,  or 
something  similar  to  a  fracture.  There  is  a  condition  which  I  do 
not  understand.  The  liquid  seems  to  get  in  between  the  mole- 
cules at  some  portions  of  the  surface,  and  weakens  the  material. 
The  first  time  that  I  observed  this  w^as  w'hen  cleaning  some  steel 
springs  which  were  under  tension.     I  left  them  in  a  weak  solu- 
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tioii  oi  ejaiiide  of  potassium  over  night,  aud  to  my  surprise  in  the 
morning  they  were  broken.  It  set  me  thinking,  aud  one  of  the 
conclusions  to  which  I  came  was  that,  where  rods  are  continually 
under  stress,  possibly  the  molecules  may  become  sufficiently 
separated  at  the  most  distressing  time  of  the  motion  of  the  rod, 
and  any  acid  which  may  be  present  in  the  oil  or  lubricant  which 
is  used  may  possibly  have  an  influence  upon  the  material  towards 
weakening  it.  I  have  often  thought  that  the  breakages  which 
occur  in  the  crank-pins  of  locomotives,  at  the  weakest  portion — 
that  is,  the  corner  which  comes  nearest  to  the  wheels — are  j^robably 
due  to  acid  in  the  lubricant  being  absorbed  when  the  stress  is 
greatest.  It  is  easy  to  understand  that  the  molecular  density  will 
be  less  at  that  moment,  and  that  there  may  then  occur  an  ab- 
sorption which  perhaps  might  not  occur  before.  This  continued 
through  a  long  period  of  time,  and  under  the  same  circumstances 
every  time,  may  very  materially  assist  towards  bringing  about  frac- 
tures which  are  often  considered  as  being  very  mysterious,  more 
especially  when  the  material  used  is  known  to  be  of  high  quality, 

3fr.  H.  H.  Suplee. — I  think  in  considering  the  breakages  which 
are  described  in  the  paper,  sufficient  emphasis  is  not  given  to  the 
peculiar  conditions  under  which  the  piston-rods  in  these  Yauclain 
compound  engines  work.  I  have  had  occasion  to  observe  a  num- 
ber of  these  engines  running  in  and  out  of  Philadelphia,  and  there 
is  certainly  a  very  severe  and  very  sudden  stress  on  those  rods.  In 
the  first  place,  there  is  nearly  always  a  considerable  amount  of 
clearance  between  the  guides,  and  if  they  are  not  so  made  they 
soon  become  so.  This  permits  a  tilting  of  the  crosshead  which  is 
very  marked  on  starting ;  and,  furthermore,  it  takes  place  in  a  very 
short  space  of  time,  and  is  very  much  more  in  the  nature  of  a  blow 
on  the  rods  than  of  a  bend.  When  the  steam  is  admitted  you  can 
hear  the  crosshead  tilt  with  a  clank  like  the  blow  of  a  hammer, 
and  then  there  will  be  a  corresponding  sharp  blow  on  the  return. 

The  bending  is  not  distributed  over  the  whole  length  of  the 
rod.  It  occurs  in  the  first  few  inches  of  the  forward  stroke  and 
the  same  on  the  back  portion  of  the  stroke.  It  occurs  until  the 
engine  is  well  under  way,  when  the  pressure  in  the  two  cylinders 
is  equalized  and  the  sound  disaj^pears.  Then  I  think  it  is  sup- 
posed that  the  pressure  in  the  two  cylinders  is  so  nearly  equal- 
ized that  the  bending  is  comparatively  slight.  The  result  is  that 
these  rods  at  starting,  for  a  few  strokes,  are  practically  being  hit 
a  sharp  blow  at  the  end  of  the  stroke,  aud  then,  after  that,  these 
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hammer  blows  cease,  and  it  ruus  quietly  enough  until  it  slows 
down,  aud  on  the  next  start  the  same  thing  is  repeated.  I  think 
three  are  not  so  many  bends  as  stated  in  the  paper,  because  this 
action  takes  place  only  on  starting.  It  is  not  like  an  ordinary 
test,  but  more  like  the  hammer  test  or  drop  test  than  mere  bend- 
ing, and  that,  I  think,  would  have  something  to  do  with  the  man- 
ner of  these  breakages. 

J//'.  Gus.  C.  Tlcmnng. — I  fully  concur  in  what  Mr.  Suplee  says. 
Clearance  is  given,  and  because  of  this  they  have  been  compelled 
to  make  their  crossheads  so  much  longer,  so  as  to  avoid  this  very 
shock.  It  is  intentionally  left  there,  because  of  this  very  action 
the  crossheads  would  bend  at  the  beginning  of  the  stroke.  They 
must  give  some  play  between  the  guides.  But  I  claim  the  gentle- 
man has  not  proved  his  case,  anyway.  He  does  not  tell  you  how 
much  strain  is  produced  when  the  full  steam  pressure  of  live 
steam  is  put  on  the  low-pressure  piston-rod,  for  which,  of  course, 
it  was  not  designed  originally.  It  was  designed  for  a  lower  pres- 
sure and  not  for  the  higher  pressures.  But  practice  has  com- 
pelled them  to  make  them  heavier.  Whether  they  are  propor- 
tioned to  the  load  that  comes  on  now,  is  the  question.  The  table 
of  chemical  analysis  does  not  prove  what  he  says  it  does.  Let  us 
throw  out  of  consideration  the  phosphorus  aud  silicon,  because  of 
the  varied  effects  on  the  material  of  the  two  elements  under 
various  conditions,  aud  consider  merely  manganese  and  sulphur. 
Sulphur  we  know  is  a  strengthener,  a  hardener.  As  the  carbon 
is  higher  in  this  case,  so  is  the  sulphur.  Therefore  we  can  say 
that  a  part  of  the  greater  strength  of  the  rods  is  due  to  sulphur. 
Manganese  is  a  softener.  Piston-rods  are  rolled  and  allowed  to 
cool  gradually  and  turned  up.  In  that  case  these  rods  which 
have  the  highest  manganese  should  be  the  most  ductile  and  give 
greater  life.  Look  at  that  table  again,  and  manganese  is  higher 
as  the  carbon  is  higher.  I  know  it  is  generally  true  that  the 
higher  carbon  steels  were  longer.  I  should  not  deny  that  at  all. 
I  simply  say  that  this  table  shows  that  these  rods  might  have  a 
longer  life,  either  because  the  carbon  was  higher  or.  the  sulphur 
or  manganese  was  higher.  Now  we  have  two  against  the  carbon 
— the  sulphur  and  the  manganese,  all  in  the  same  direction. 
Therefore  I  say  that  this  table  does  not  show  anything  except 
that  those  rods  may  have  worn  longer  for  any  other  reason  ex- 
cept that  due  to  the  higher  carbon  contained  in  the  steel. 

Mr.  Jno.  E.  Sweet. — I  think  the  storv  cannot  be  too  often  told 
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that  there  are  certain  cases  where  the  high  steel  does  better 
than  the  soft  steeh  There  is  another  way  to  get  over  the  same 
difficulty  mechanically.  Every  one  who  makes  a  good  hammer 
handle  whittles  it  down  small  between  where  the  hand  takes  hold 
of  the  handle  and  the  hammer.  He  does  not  do  it  to  save  wood, 
but  he  does  it  to  add  to  the  life  of  the  handle.  A  bright  genius 
some  thirty  years  ago  discovered  that  where  axles  were  breaking 
near  the  wheel  he  could  increase  the  life  of  the  axle  and  also  save 
metal  if  he  brought  it  down  in  the  centre.  'Sly  brother,  as  I  have 
before  stated  to  this  Society,  discovered  that  piston-rods  were 
breaking  where  they  entered  the  hammer  heads  of  his  steam 
hammers.  He  scooped  out  that  part  of  the  piston-rod  between 
where  the  packing  came  and  the  hammer  liead,  and  increased  the 
life  of  the  piston-rod  300  per  cent.  I  woul:l  suggest  the  same  in 
this  case.  If  you  scoop  it  out  for  as  long  a  distance  as  can  be 
spared,  you  have  always  got  the  depth  of  the  gland ;  you  will  add 
to  the  life  of  the  rod.  Or,  to  put  it  in  a  form  that  you  will  re- 
member, you  will  make  it  stronger  by  making  it  weaker.  Whether 
a  round  groove  is  the  best  way,  or  Avhether  it  is  better  to  reduce 
it  straight  with  a  round  nose  tool,  mathematicians  can  tell  you 
better  than  I  can.  Manufacturers  cannot  do  either.  If  they  did 
they  could  not  sell  the  engines.  But  the  man  who  buys  them 
can  take  his  rods  and  turn  them  down,  and  he  will  increase  their 
life  immensely. 

3Ir.  Almond. — Professor,  won't  you  state  why  that  is? 

3I/\  Sweet. — You  diffuse  the  strain. 

Mr.  Almond. — You  lessen  the  rigidity  ? 

31r.  Sioeet. — Yes,  make  it  limber  for  a  longer  distance. 

Mr.  Henry  Souther. — I  had  an  opportunity  to  visit  Normand's 
Torpedo  Works  in  Havre  last  year,  and  found  that  he  was  necking, 
somewhat  in  shape  of  a  blade,  all  of  his  connecting  rods  with  this 
same  idea  in  view,  and  also  with  the  idea  that  should  the  bearing 
not  be  perfect  when  the  engine  was  new,  that  the  rods  could  yield 
to  any  slight  inequalit}-.  The  success  which  he. was  meeting  with 
induced  him  to  continue  the  practice.  This  paper  is  particularly 
interesting  to  me,  because  I  have  been  working  over  alternating 
stress,  and  rely  upon  this  test  as  a  final  judgment  on  material,  and 
there  is  certainly  no  question  but  that  the  carbon  element  is  of 
greater  influence  than  any  other  element  that  we  have  been 
able  to  get  hold  of,  possibly  excepting  nickel. 

Referring  to  the  paper  on  cracking  of  boiler-sheets — boilers  are 
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rather  out  of  my  eleraent — it  seems  to  me  too  bad  that  some  other 
material  than  iron  cannot  be  resorted  to.  I  do  not  know  that  it 
is  possible,  but  it  seems  that  if  higher  carbon  steel  could  be  gotten 
into  boiler  stays  that  some  of  the  stay-bolt  breakage  would  be 
lessened. 

Mv.  Spencer  Otis. — Referring  to  what  Mr,  Sweet  has  said,  I 
have  seen  practically  what  he  recommends  for  increasing  the  life 
of  a  piston-rod.  The  end  has  simply  a  taper  fit,  and  the  ordinary 
keys  put  in  for  a  fillet  when  the  rod  enters  the  socket,  with  a  nut 
on  one  side,  and  a  radius  is  made  as  long  as  possible.  On  an 
average  I  have  seen  a  change  to  the  shape  shown  more  than 
double  the  life  of  the  same  piston-rod  without  any  change  of 
material. 

Prof.  S.  W.  liohinson. — I  think  many  of  the  Society  may  recall 
what  was  once  written  about  a  steam  hammer.  In  overcoming 
the  trouble  of  breakage  of  the  piston-rod,  it  was  made  a  great 
deal  smaller  in  the  whole  length,  and  consequently  weaker  in 
theory,  but  it  stood  several  times  as  long  in  practice.  It  strikes 
me  that  this  is  a  good  point  for  consideration,  that  the  rods  may 
even  be  made  smaller  than  they  are.  B}^  overdoiug  the  thing, 
enlarging  by  putting  in  metal,  we  weaken  it  ])raGticallij .  I  was 
told  of  a  case  tliat  came  in  the  experience  of  an  expert  who  was 
called  in  to  examine  a  machine  which  had  one  part  continually 
breaking.  They  had  strengthened  it  u])  repeatedl}^  and  the  more 
they  strengthened  it  the  more  it  broke,  until  they  called  in  the 
expert,  Mr.  J.  C.  Hoadley,  who,  on  examining  the  machine,  said  : 
"  You  have  done  just  the  wrong  thing.  You  have  made  it  so  big 
and  stiff  that  it  cannot  vibrate,  or  cannot  accommodate  itself  to 
the  tendency  to  vibratory  motion  of  the  parts,  and  consequently 
the  parts  get  such  severe  strains  that  crj'stallization  and  breakage 
occur.  You  put  in  a  rod  about  one-fourth  the  size  of  the  first 
one."  With  that  rod  in  place,  no  further  trouble  came  to  the  user 
of  the  machine. 

Mr.  Sweet. — We  cannot  reduce  the  engine  piston-rod  down 
to  anything  small  enough  just  to  stand  the  tensile  strain,  but 
must  have  it  large  enough  to  stand  compression  without  buck- 
ling, whereas,  if  it  is  to  lift  a  steam  hammer,  there  is  only  tensile 
strain  on  the  rod,  and  it  can  be  made  as  small  as  tensile  strength 
will  permit. 

Josepli  E.  JnJnison,  Jr:'' — The  remarks  of  Mr.   Almond,   espe- 

*Author's  closure,  under  the  Rules. 
46 
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ciallj  with  reference  to  the  fracture  of  springs  in  a  cyanide  solu- 
tion, are  very  interesting ;  but  the  suggestion  tliat  the  molecular 
density  of  bearings  such  as  crank-pins  may  be  so  reduced  under 
strain  as  to  facilitate  the  absorption  of  acid  from  the  lubricant 
and  so  be  injured,  while  very  ingenious,  seems  to  the  writer  im- 
possible. 

AVhen  the  smallness  of  the  distortion  produced  in  any  proper 
bearing  by  the  working  stress  is  considered,  it  would  seem  that  the 
volumetric  dilution  of  any  portion  of  the  solid  must  be  an 
infinitesimal  of  high  degree,  and  the  increased  opportunity  for  the 
action  of  acids  or  other  substances  must  be  very  slight  indeed. 

This  is  less  the  case  with  the  springs,  in  which  the  distortion  of 
the  metal  is  really  considerable. 

As  far  as  the  fractures  of  locomotive  crank-pins  are  concerned, 
they  should  never,  we  would  think,  be  classed  as  mysterious ;  the 
really  mysterious  thing  is  that  they  stand  as  well  as  they  do 
under  the  terrific  duty  they  are  called  upon  to  bear. 

As  far  as  the  fractures  of  the  piston-rods  described  in  the  paper 
are  concerned,  allowing  full  value  to  the  theory  of  Mr.  Almond,  it 
would  not  appear  that  it  was  of  great  importance,  because  of  the 
freedom  from  the  presence  of  oil  at  the  point  of  fractures  and  the 
entire  sufiiciency  of  the  conditions  to  account  for  the  breakage 
without  the  aid  of  this  theory. 

Mr.  Suplee  avers  that  sufficient  emphasis  is  not  laid  upon  that 
point  of  the  paper  which  was  intended  to  be  the  kernel  of  the 
whole  matter,  the  tilting  of  the  crossheads,  and  consequent  flexure 
of  the  piston-rods,  though  in  making  good  the  omission  he  has 
used  language  not  differing  greatly  from  that  of  the  paper. 

He  has,  however,  made  one  or  two  statements  which  need  cor- 
recting from  the  point  of  view  of  the  facts. 

The  guides  are  not  ^iven  a  considerable  amount  of  clearance  at 
the  start,  but  are  lined  up  as  closely  as  those  of  the  ordinary  type 
of  engines,  but  they  do  get  some  freedom  of  motion  through  wear 
at  the  corners  after  a,  short  time. 

There  is  no  apparent  reason,  from  the  point  of  view  of  theory, 
why  the  bending  strain  should  be  absorbec]  in  the  first  few  inches 
of  the  rod  ;  on  the  contrary,  there  is  nothing  to  arrest  the  tendency 
of  the  crosshead  to  rotate,  except  the  pistons  pressing  against  the 
walls  of  the  cylinders  until-  the  lost  motion  is  all  taken  up,  and  the 
guides  prevent  further  rotation.  The  stuffing  box,  in  the  present 
instance  at  least,  may  be  neglected,  since  the  packing  is  metallic, 
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aud  provides  for  fur  greater  lateral  motion  of  the  rod  than  the 
flexure  ever  amounts  to. 

This  beiny-  so,  tlie  piston-rods  held  at  the  end  bj  the  pistons 
simply  act  like  cantilevers  levelled  at  the  end,  and  must  be  bent 
throughout  their  length. 

The  proof  of  this  is  that  the  cylinders  are  worn  in  a  very  un- 
usual way  which  can  be  accounted  for  onh^  by  this  action  of  the 
pistons  in  trying  to  resist  the  rotation  of  the  crosshead. 

The  flexure  is  undoubtedly  greatest  at  the  crosshead  end,  espe- 
cially as  the  section  at  which  fracture  occurs  is  smaller  than  the 
body  of  the  rod,  but  all  flexure  not  absorbed  liere  must  be  dis- 
tributed throughout  the  length  of  the  rod  as  in  any  other 
cantilever. 

The  same  s])eaker  also  says  that  this  action  only  takes  place 
when  the  engine  is  starting,  and  that  thereafter  the  pressures 
on  the  two  pistons  are  so  nearly  equalized  that  the  bending 
effect  is  comparatively  slight,  but  in  this  he  is  in  error,  as  a 
matter  of  both  fact  and  tlieorj',  for  actuallj',  as  observed  from  the 
engine  itself,  the  tiltiiDg  which  causes  the  bending  goes  on  all  the 
time. 

It  is  perfectly  true  that  the  inequality  of  jDressure  on  the  two 
pistons  is  greatest  when  starting,  and  live  steam  is  turned  into  the 
low-pressure  cylinder,  but  if  Mr.  Suplee  "will  take  a  complete  set 
of  indicator  cards  from  both  cylinders  of  one  of  these  engines,  or 
lay  out  a  set  to  suit  the  given  conditions,  he  will  find  that  it  is  im- 
possible to  have  more  than  one  load  (and  in  practice  not  that)  at 
which  the  pressure  is  even  approximately  alike  in  both  cylinders 
throughout  the  stroke. 

The  loork  may  be  approximately  equal  in  both  for  quite  a  wide 
range,  but  the  pressure  on  one  piston  will  be  greater  at  one  end 
of  the  stroke  than  on  the  other,  and  less  at  the  opposite  end,  prac- 
tically in  every  case. 

It  is  to  be  remembered  that  only  a  trifling  difi'erence  of  pres- 
sure on  the  two  pistons  is  necessary  to  tilt  the  crosshead,  until 
the  lost  motion  is  taken  up,  and  therefore  that  it  is  safe  to  say 
that  the  crosshead  is  tilted  every  stroke  when  the  engine  is 
running  under  steam. 

For  corroboration  of  this  statement,  those  who  are  interested 
are  advised  to  examine  the  indicator  cards  published  by  the 
Baldwin  Locomotive  Works  themselves,  a  few  years  ago,  in  a 
pamphlet  descriptive  of  these  engines.     Mr.  Suplee  also  states 
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that  the  stress  which  comes  on  these  rods  is  more  like  a  hammer 
test  or  drop  test  than  an  ordinary  bend,  and  here  again  I  am  com- 
pelled to  differ  with  him.  The  stresses  alteruate  in  direction 
very  rapidly,  it  is  true,  but  so  do  those  in  a  rod  revolving  between 
lathe  centres  at  a  high  speed  and  carrying  a  heavy  weight  at  the 
centre,  yet  that  is  not  a  hammer  blow  or  analogous  to  it.  The 
criterion  of  a  hammer  blow  or  drop  test  is  that  the  test  piece 
shall  absorb  the  energy  of  the  drop,  but  in  this  case  the  energy 
of  the  crosshead  and  the  work  of  resisting  the  suddenly  applied 
bending  movement  are  taken  by  the  guides  and  the  crosshead 
wings,  the  work  done  in  bending  the  piston-rods  is  insignificant 
as  compared  with  that  expended  on  the  above  parts,  and  there- 
fore while  a  suddenly  applied  and-i-eversed  stress,  tliis  is  not  in  the 
nature  of  a  blow.  Mr.  Heuning's  remarks  in  part  resemble  those 
of  Mr.  Suplee.  and  need  not  be  dealt  with  separately  in  those 
parts,  except  to  say  that  whether  or  not  clearance  is  allowed  be- 
tween the  crosshead  and  guides  does  not  affect  the  bending  mo- 
ment at  all,  but  only  the  extent  to  which  the  rods  can  be  flexed,  and 
therefore,  as  before  stated,  the  crossheads  are,  in  practice,  lined 
up  as  closely  as  possible  consistent  with  good  working,  and  it 
would  be  highly  desirable  if  they  would  stay  so,  so  much  so  that  in 
our  case  we  have  substituted  cast-iron  gibs  for  the  babbitt  facing 
on  the  crossheads,  because,  under  the  heavy  pressure  at  the  cor- 
ners, the  babbitt  flows  and  is  forced  out,  while  the  cast  iron  does 
not. 

The  same  speaker  says  that  the  stress  produced  by  live  steam 
in  the  low-pressure  cylinders  is  not  given,  and  evidently  thinks 
that  that  may  account  for  the  fracture,  although  the  fracture  itself 
precludes  such  a  possibility  by  its  appearance. 

Moreover,  all  the  data  are  given  to  make  this  calculation,  and 
are  as  follows  :  diameter  of  cylinder,  17  inches ;  diameter  of  rod  at 
shoulder,  2  inches ;  pressure  of  steam,  180  pounds. 

From  this  it  is  seen  that  the  tensile  stress  due  this  course  is 
about  13,000  pounds  per  square  inch,  which  is  entirely  insufficient 
to  cause  such  breakages.  The  same  speaker  says  the  rods  were 
not  originally  designed  to  stand  this  pressure,  and  had  to  be  made 
heavier  to  do  so,  but  he  fails  to  give  his  authoritj'  for  this  state- 
ment, which  seems  improbable  ;  and,  moreover,  the  makers  made 
the  rods  in  the  second  of  these  engines  ^  inch  smaller  in  the 
body  than  the  first,  although  the  shoulder  and  taper  are  the  same 
in  both. 
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As  regards  the  part  of  his  remarks  bearing  on  tlie  chemistry 
of  the  subject,  Mr.  Heuuiug  says  that  sulphur  is  a  streugtheuer 
and  hardener,which  is  probably  correct  as  far  as  it  goes,  although 
no  one  has  yet  come  to  the  point  of  demanding  high-sulphur  ma- 
terial for  these  properties  ;  but  leaving  for  the  moment  this  point, 
he  further  saj's  that  manganese  is  a  softener ;  that  the  high 
manganese  contents  of  the  No.  1  rod  would  make  it  more  ductile, 
and  therefore  give  it  greater  life.  He  then  proceeds  to  say  that 
manganese  and  sulphur  act  in  the  same  direction,  and  that  the 
e£fect  of  both  is  similar  to  that  of  carbon.  But  if  one  be  a  soft- 
ener and  the  other  a  hardener,  how  can  the  effect  of  both  be  the 
same? 

It  is  quite  in  order  here  to  point  out  the  comparatively  small 
variations  in  sulphur  and  manganese,  and  the  large  one  in  the 
carbon,  also  the  lack  of  any  obvious  connection  between  the 
action  of  the  rods  and  their  sulphur  and  manganese  contents,  as 
compared  with  the  presence  of  such  connection  in  the  case  of 
carbon. 

Moreover,  the  fact  that  a  speaker  should  think  that  an  element 
which  would  make  a  material  more  ductile  would  also  make  it 
better  able  to  withstand  unusual  stresses,  shows  how  much  need 
there  still  is  for  missionary  work  along  this  line,  since  it  was  the 
expressed  purpose  of  the  paper  to  supply  confirmatory  evidence 
to  the  opposite  of  that  proposition. 

Whether  the  evidence  is  valid  on  this  point,  each  one  must  de- 
cide for  himself. 

The  proposition  of  Professor  Sweet  is  undoubtedly  in  the  right 
direction,  and  that  was  probably  the  idea  the  makers  had  in 
mind  in  reducing  the  body  of  the  rod  forward  of  the  shoulder. 

It  is  hardly  possible,  however,  to  make  the  rod  smaller  than,  the 
large  end  of  the  taper,  as  it  properly  should  be,  because  the  ten- 
sile stress  would  be  too  high  for  safety,  but  if  the  shoulder,  collar, 
and  taper  were  all  increasd  in  size  so  that  the  large  end  of  the 
taper,  where  the  fractures  have  all  occurred,  were  made  larger  so 
that  the  latter  part  were,  say,  a  quarter  of  an  inch  larger  than  the 
body  of  the  rod,  then  the  trouble  would  probably  disappear  en- 
tirely, especially  if  a  material  of  a  moderately  high  carbon-con- 
tents were  used. 

The  collar  would  not  involve  any  additional  comj^lication  in  the 
packing  and  glands,  since  these  all  have,  with  the  present  shoulders 
on  the  second  engine,  to  be  made  in  halves,  held  together  by 
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threaded  rings  long  enough  to  go  over  the  cohar.  The  crossheads 
in  the  present  case,  however,  have  not  enough  material  in  them  to 
permit  of  this  enhirgement  of  the  socket  with  safety. 

This  construction  would  also  avoid  the  obstacle  mentioned  b}" 
Professor  Sweet  in  the  case  of  the  reduced  rods,  that  no  one 
would  buy  an  engine  which  had  them. 
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DCCLXXXL* 

PLEA    FOR  A   STANDARD  METHOD    OF  CONDUCTING 
ENGINE   TESTS. 

BY  GEORGE   H.   BARRUS,    BOSTON,  MASS. 

(Member  of  the  Society.) 

The  action  of  the  Society  in  the  past  in  devising   standard 
methods  of  tests  in  various  lines  of  engineering  is  Avell  known  to 
the  members,  and  it  is  believed  that  the  work  thus  far  done  has 
been  creditable  to  the  organization,  and  has  given  the  Society  a 
position  in  the  engineering  world  which  it  would  not  have  occu- 
pied if  it  had  followed  a  different  policy.     In  the  steam  engineer- 
ing line  we  now  have  a  standard  of  boiler  testing  (Atlantic  City 
meeting,  18S5),  a  standard  method  of  conducting  duty  trials  of 
pumping    engines   (Eichmoud   meeting,    November,    1890),    and 
standard  methods  of  testing  locomotives  (Chicago  meeting,  August, 
1893)  ;  but  we  have  thus  far  no  standard  which  applies  to  the 
general    subject   of  engine  testing.     Having  done    so    much   in 
making  uniform  the  various  methods  of  tests  in  steam  engmeer- 
ing,it'is  evident  that  hirther  standardizing  should  be  undertaken, 
so  that  the  whole  subject  may  be  covered.     It  seems  to  me  that 
the  time  has  come  when  the  Society  should  take  up  this  matter 
and    appoint    a   committee  for  devising  a  standard  method  of 
making  engine  tests  in  general.     Its  work  in  this  line  will  then 
be  no  longer  incomplete. 

The  present  need  of  a  standard  method  of  testing  engines  is 
perhaps  less  urgent  than  that  of  testing  boilers,  pumping  engines, 
and  locomotives,  which  have  received  attention  at  the  hands  of 
the  Society ;  but  the  same  general  reasons  may  be  advanced  in 
its  favor  as  those  which  may  be  found  in  the  reports  of  the  various 
committees ;  that  is,  to  bring  the  methods  of  testing  employed  by 
different  experimenters  into  harmony  with  each  other,  and  to  m- 
augurate  a  standard  method  of  reporting  the  results  of  engine 
tests  and  of  expressing  engine  efficiency. 

*  Presented  at  the  Niagara  Falls  meeting  (.June,  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  7ransacUons. 
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The  cleterminatiou  of  a  staiularcl  method  of  testing  engines'-  in 
general  would  naturally  precede  the  determination  of  methods  of 
testing  individual  types  of  engines ;  oi-,  if  it  did  not  precede  such 
work  (as,. in  the  case  under  consideration,  it  cannot),  it  should  be 
so  far  in  harmony  with  the  individual  methods  that  there  might 
be  no  interference.  So  far  as  the  working  of  steam  in  the  cylin- 
der is  concerned,  one  type  of  engine  is  very  much  like  another, 
whether  its  force  is  expended  in  turning  a  shaft  for  generating 
power  to  drive  a  mill  or  other  mechanism,  or  to  pump  water,  or 
haul  a  train  of  cars  ;  and  the  operations  of  determining  the  effi- 
ciency with  which  the  steam  performs  its  work  are  much  the  same 
in  one  as  in  another.  Lckoking  at  the  subject  from  this  single 
point  of  view,  it  is  a  late  day  to  be  advocating  a  standard  method 
of  general  engine  testing, 'for  it  should  preferably  have  been  taken 
up  prior  to  the  work  done  by  the  committees  on  duty  trials  and 
locomotive  testing.  Nevertheless,  the  work  is  something  which  I 
have  long  thought  should  be  undertaken ;  and  if,  owing  to  the 
exigencies  of  the  times,  the  best  order  has  not  been  followed,  it 
is  not  too  late  to  correct  the  error,  if  such  it  be. 

I  am  inclined  to  the  belief  that  it  would  be  well  now  for  the 
Society  to  not  only  prepare  a  standard  of  general  engine  testing, 
as  suggested,  but,  at  the  same  time,  to  revise  the  work  of  the  two 
committees  on  duty  trials  and  locomotive  tests,  in  so  far  as  should 
be  done  to  bring  all  three  into  harmony ;  and  then  combine  the 
whole  subject  of  engine  testing,  whether  it  be  on  one  type  of 
engine  or  another,  into  a  single  report.  There  is  so  much  in 
common  amongst  steam  engines  used  for  different  classes  of 
work,  that  there  ought  to  be  little  difficulty  in  devising  a  standard 
of  testing  and  reporting  efficiency  which  would  be  applicable  to 
all,  whether  employed  in  pumping  water,  hauling  trains,  operating 
electric  generators,  propelling  ships,  or  driving  any  other  kind 
of  mechanism ;  and,  furthermore,  there  ought  to  be  no  difficulty 
in  modifying  such  a  standard  so  as  to  make  it  applicable  to  the 
peculiar  conditions  of  service  required  in  any  individual  case.  If 
a  revision  of  the  work  of  the  two  committees  referred  to  should 
be  undertaken,*!  would  not  advise  changes  in  the  substance  of 
their  recommendations ;  for  these,  so  far  as  I  know,  are  accept- 
able to  the  Society.  What  I  do  suggest  is  that  the  whole  matter 
of  engine  testing  be  brought  into  one  uniform  system,  with  suit- 
able modifications  adapting  it  to  individual  requirements ;  and 
publish  the  report  or  code,  whatever  it  may  be  called,  in  one  com- 
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prehensive  document.  If  this  were  clone,  the  Society  would  have 
simply  two  standard  systems  of  making  steam-power  tests :  one 
relating  to  boilers,  which,  at  the  date  of  writing,  is  about  to  be 
submitted  in  the  form  revised  by  the  committee  of  1895  for  the 
consideration  of  the  Society,  and  the  other  relating  to  engines. 
The  subject  of  steam-plant  tests  would  then  be  in  such  shape  as 
to  be  most  convenient  for  the  use  of  members  and  others  inter- 
ested, and  it  would  be  of  increased  value  to  colleges,  which,  as  I 
understand,  regard  the  Society's  reports  as  valuable  standards  of 
reference  in  the  instruction  of  students. 

SUGGESTIONS   AS   TO   A   STANDARD   SYSTEM  OF  TESTING   ENGINES. 

The  principal  data  required  for  an  efficiency  test  of  a  steam- 
engine  are  the  weight  of  steam  consumed  and  the  amount  of 
power  developed.  These  two  elements  of  data  are  fundamental 
whatever  the  type  of  engine  and  whatever  the  class  of  work  per- 
formed. It  is  evident  at  the  outset  that  a  system  of  engine  test- 
ing applicable  to  all  engines  would  be  a  method  of  determining 
these  quantities.  Consequently  the  proposed  standard  would 
relate  primarily  to  these  two  things  and  to  the  expressions  of  effi- 
ciency derived  therefrom. 

If,  for  the  moment,  we  pass  by  the  steps  required  to  obtain  the 
necessary  data,  and  take  up  the  problem  of  bringing  into  uni- 
formity the  methods  of  reporting  the  results  obtained  from 
ditferent  classes  of  engines,  the  subject  arranges  itself  in  a  simple 
manner.  The  desired  uniformity  will  be  secured  if  the  tabular 
summary  of  results  is  expressed  in  two  sections :  the  first  sec- 
tion dealing  with  such  data  as  apply  to  the  working  of  ^he 
steam  in  the  cylinders,  apart  from  the  peculiarities  of  the  service 
which  the  engine  performs,  and  the  second  section  giving  the 
data  and  results  pertaining  to  the  special  individual  work.  Fol- 
lowing out  this  scheme  more  in  detail,  the  first  section  of  the 
tabular  report  would  contain  all  the  data  of  measurements  of  feed 
water,  of  steam  used  by  the  jackets  and  reheaters  if  these  were 
employed,  the  quality  of  the  steam,  the  weight  of  steam  used  by 
the  auxiliary  apparatus,  and  all  the  data  of  the  various  pressures, 
temperatures,  and  speed  relating  to  the  work  of  the  engine,  includ- 
ing the  pressures  and  other  data  obtained  from  the  indicator 
cards.  It  would  give  the  horse-powers  developed,  the  weight  of 
steam  consumed  by  the  engine  and  by  the  auxiliaries  in  a  unit  of 
time  per  unit  of  power,  the  deductions  from  an  analysis  of  the 
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iudicator  diagrams,  and  the  total  uumber  of  heat  uuits  cousumed 
iu  a  unit  of  time  per  unit  of  power.  It  would  also  present  the 
standard  decided  upon  for  the  expression  of  efficiency. 

The  second  section  of  the  tabular  report  would  vary  with  each 
class  of  engine.  In  this  section  there  might  be  five  subdivisions, 
one  applying  to  each  main  class  of  engines. 

The  classes  which  suggest  themselves  to  me  are  as  follows : 

1.  Factory  engines,  or  engines  employed  iu  the  production  of 
power  iu  general. 

2.  Pumping  engines. 

3.  Locomotives,  («)  shop  tests,  (h)  road  tests. 

4.  Engines  employed  In  generating  electricity. 

5.  Marine  engines. 

In  the  first  subdivision  of  the  second  section,  that  relating 
to  engines  for  general  work,  few  additional  data  need  be  given 
beyond  those  found  in  the  first  section.  Engines  in  general  are 
employed  in  generating  power  for  siicli  a  variety  of  mechanical 
operations  that  the  simple  expression  of  efficiency,  based  on  the 
quantity  of  heat  or  steam  used  per  gross  or  net  horse-power  per 
unit  of  time,  covers  essentially  the  whole  ground.  This  section 
might,  however,  present  the  data  and  results  of  a  coal  test  of  the 
engine  where  this  was  made,  in  which  case  it  would  give  the 
weight  of  coal  burned  and  all  the  various  results  depending 
upon  it. 

The  second  subdivision  of  the  second  section,  that-  relating  to 
pumping  engines,  would  present  the  special  data  in  regard  to  the 
work  of  the  water  end  of  the  engine,  such  as  the  quantity  of  water 
pignped,  the  number  of  feet  lifted,  and  all  the  special  data  which 
are  given  in  the  report  of  the  duty  trial  committee  in  vol.  xii.  of 
the  Transactions.  In  this  section  would  appear  the  results 
expressed  in  terms  of  "  duty,"  including  the  standard  based  on 
one  million  heat  units. 

In  the  third  subdivision  of  the  second  section,  viz.,  that  relating 
to  locomotives,  there  would  be  two  parts  :  one  pertaining  to  shop 
tests  and  the  other  to  road  tests ;  and  in  both  of  these  there 
would  be  the  special  data  pertaining  to  the  work  of  the  locomo- 
tive, as  formulated  by  the  report  of  the  committee  on  locomotive 
tests  in  vol.  xiv.  of  the  Transactlojis,  including  the  standard  of 
efficiency  therein  determined,  viz.,  the  quantity  of  so-called 
''  standard  coal "  used  per  dynamometer  horse-power  per  hour. 

In  the  fourth  subdivision  of  the  second  section,  that  relatiuc?  to 
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engines  for  driving  electric  generators,  data  would  be  given  em- 
bracing the  quantity  and  intensity  of  the  current  generated,  the 
electrical  horse-power  developed,  and  the  efficiency  of  the  genera- 
tor. In  the  case  of  railway  engines  this  would  also  include  the 
current  delivered  to  the  motors  on  the  line,  and  expressions  of 
efficiency  based  on  car  mileage. 

The  fifth  subdivision  of  the  second  part,  that  relating  to  marine 
engines,  would  present  such  data  as  pertain  specially  to  marine 
work,  such  as  the  quantity  of  coal  consumed  and  the  results  bear- 
ing upon  it,  the  speed  of  the  vessel,  the  slip  of  the  screw,  and  the 
tonnage  moved  a  given  distance  per  unit  of  power. 

The  above  is  an  outline  giving  the  main  features  of  one  method 
of  formulating  the  tabular  reports  so  as  to  secure  the  objects  in 
view. 

Returning  now  to  the  methods  of  obtaining  the  data,  one  of  the 
most  important  elements  of  data  required  is  the  quantity  of  work 
which  the  steam  performs.  The  work  done  by  the  steam  in  an 
engine  cylinder  has  in  the  past  been  ascertained,  and  probably  will 
continue  to  be  ascertained,  by  the  use  of  the  steam  engine  indicator. 
The  reliability  of  this  instrument  is  the  foundation  upon  which  a 
correct  determination  of  the  engine's  efficiency  rests.  How  the 
indicator  should  be  applied,  how  it  should  be  operated,  how  its 
springs  should  be  calibrated,  and  how  the  diagrams  which  it  pro- 
duces should  be  read  and  investigated,  are  questions  which  should 
be  settled  by  the  proposed  standard  method  of  engine  testing ; 
and  to  these  questions  little  attention  has  been  given  and  little 
required  at  the  hands  of  previous  committees.  It  may  not  be  out 
of  place  to  recall  the  fact  that  there  is  no  accepted  method 
amongst  engineers  of  calibrating  indicator  springs  ;  and  it  seems 
to  me  that  in  the  work  suggested,  investigation  and  recommen- 
dation should  be  made  as  to  the  best  mode  of  dealing  with  this 
important  subject. 

If  the  suggested  arrangement  of  the  tabular  reports  be  fol- 
lowed, they  would  be  preceded  by  a  similar  arrangement  of  the 
methods  laid  down  for  determining  the  various  data.  In  the  first 
place,  directions  would  be  given  for  ascertaining  the  data  of  the 
first  section,  or  that  applying  to  all  engines,  whatever  their  type ; 
and  these  would  cover  the  ground  with  that  completeness  which 
characterizes  previous  reports.  Much  of  the  material  applicable 
to  engines  in  general,  given  in  the  reports  of  the  duty  trial  and 
locomotive  test  committees,  would  appear  in   this  section,  and 
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■would  there  be  dealt  with  once  for  all.  The  second  section  would 
similarly  be  divided  into  the  subdivisions  named,  and  in  each  of 
the  various  subdivisions  complete  directions  would  be  given  for 
obtaining  the  special  data  applying  to  the  individual  case.  In  the 
matter  of  duty  trials  and  locomotive  tests,  the  subdivisions  would 
deal  witli  all  the  directions  laid  down  in  the  previous  reports. 

I  have  thus  indicated,  in  a  very  general  way,  what  may  be  done 
to  standardize  engine  tests  coveiing  all  classes  of  machines,  not 
with  a  desire  to  anticipate  the  action  of  a  committee,  should  the 
Society  see  fit  to  apj^oint  one,  but  rather  to  bring  the  subject  to 
attention  and  "  set  the  ball  rolling." 

DISCUSSION. 

Prof.  B.  C.  Carpenter. — I  heartily  concur  with  the  suggestions 
made  by  Mr.  Barrus  in  regard  to  the  advantages  which  might  re- 
sult to  the  Society  by  the  consideration  of  various  methods  of 
testing  engines  and  by  the  adoption  of  standard  methods  for  each 
case. 

In  addition  to  the  advantages  enumerated  by  Mr.  Barrus,  the 
writer  would  call  attention  to  the  desirability  of  expressing  the 
results  in  a  uniform  manner.  This  is  fully  as  important  as  the 
consideration  of  standard  methods  of  performing  the  test,  and 
would  naturally  form  a  part  of  the  report  of  the  committee. 

The  writer  has  given  the  matter  considerable  thought  during 
the  past  few  years  in  connection  with  the  testing  of  various  plants 
by  advanced  students  in  Sibley  College,  and  has  worked  up  a 
number  of  forms  for  reporting  the  results.  These  forms  are  nat- 
urally more  or  less  imperfect,  but  are  here  submitted,  believing 
that  they  may  prove  to  be  at  least  suggestive  to  the  committee  in 
charge  of  the  proposed  standard  method  of  engine  testing. 
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DEPARTMENT  OF  EXPERIMENTAL  ENGINEERING— SIBLEY  COLLEGE. 
Repokt  of  Engine  Test. 

Made  by Date 

Kind  of  Engine Mfg.  by 


Duration  of  run Hours 

Revohitioufi  i)er  minute 

Tempi'raturo  conden»ing  water,  cold....F° 
'•  '•  "  warm.. . .  '• 
"  condensed  steam •' 


engine-room, 
external  air  . 


Boiler-pressure  gause lbs. 

Barometer inches  hg. 

Condenser " 

Boiling  temp.,  atmospheric  pressure F" 

Temperature  of  jacket  water " 

Total  steam  per  hour,  boiler  test  lbs. 

"  condensed  " 

Total  jacket  water  per  hr '• 

condensing  water  per  hr " 

Wt.  condensing  water  per  lb.  steam 

Total  I.  H.  P 

•      D.  H.  P 

Mechanical  efficiency per  cent. 

Moisture  in  steam " 

Steam  per  I.  H.  P.  per  hr.  actual lbs. 

I.  H.  P.       "      corrected  Cal.  " 
"       D.  n.  P.      " 

Steam  H.  P.  hour  of  perfect  engine " 

Thermodynamic  efficiency 

Ratio  actual  to  fheoret.  water  consump 

Heat  supplied  i)er  hour B.  T.  U. 

"    discliar;.'ed  j)er  hour " 

"     utilized  per  hour " 

B.  T.  r.  per  I.  H.  P.  per  min 

Ratio  or  expansion 


Diameter  of  cylinder . .  .inches. 

[Length  of  stroke 

Diameter  of  jjiston  rod  " 

Piston  displacement,  crank  end cubic  ft. 

•'  head      "  " 

I  Volume  of  clearance,    '■         "  ...percent. 

crank      "... 
Maker  of  indicator 


.Spring lbs.  jier  in. 

JLengtli  of  brake  arm feet. 

Brake  load lbs. 

Quality  of  steam  at  cut-off 

"  "     release  

Steam-chest  pressure  gauge 

Cut-off,  crank  end per  cent,  stroke 

"        head     "  "  " 

Release,  crank  "  "  " 

•'        head     "  "  " 

Compression  crank "  " 

"  head "  " 

Absolute  pressure  at  point  of  cut-off lbs. 

"  "        "  release " 

"        backpressure " 

I.  H.  P.  head 

I.  H.  P.  crank 

Total  I.  H.  P 

Steam  per  I .  II.  P.  ar  point  cut-oft  per  Dia. . . 
release      " 

Jacket  water lbs.  per  hr. 

Per  cent,  of  total  jacket  water 

Jacket-water  receivers 

Per  cent,  of  total  jacket  water 

Distribution  of  woik.    H.  P.  as  1 

Heat  received  i)er  minute B.  T.  U. 

"     equivalent  of  work  per  minute      " 

"     discharged  per  minute " 

"     lost  by  radiation  per  minute. .      " 
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DEPARTMENT  OF  EXPERIMENTAL  ENGINEERING— SIBLEY  COLLEGE. 


Test  of  Simple  Engine  huilt  by Kind  of  Engine. 


Clearance,  Head,  per  cent. 
Crank, 

Scale  of  Spring 

Brake  Arm 

Dia.  Cylinder,  inches , 

Length  Stroke 


'Dia.  Piston  Rod,  inches 

Piston  Area,  sq.  inch.  Head  . 
"               ••           Crank. 
Steam  Port  Area,  sq.  inch . . . 
Exhaust  port  •'          " 
Dia.  Fly  Wheel,  inches 


Date 

Test  made  by 
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IIIUN'S  ANALYSIS— DATA  AND  RESULTS. 
Form  III. 

PER   100   STROKES. 

Test  by 189. 


Quantities. 


Steam  from  boiler,  lbs 

Steam  in  clearance,  lb* 

Steam  used  by  calorimeter,  lbs 

Steam,  total,  "lbs 

Heat  of  condensed  steam 

Condensing  water,  lbs 

Ileat  given  to  condensing  watftr 

Heat  snpplied  to  engine 

Sensible  beat  at  admission 

Internal  heat  at  admission 

tjensible  licat  at  cnt-ofl 

Internal  heat  at  cut-off 

Sensible  heat  at  release 

Internal  heat  at  release 

Sensible  heat,  beginning  of  compression.. 
Internal  heat,  beirinningof  compression.. 

Cylinder  loss  during  admission 

Cylinder  loss  during  expansion 

Cylinder  loss  during  exhaust 

Cylinder  loss  during  compression 

Heat  discharged,  and  work 

Loss 

Loss 

Steam  snpplied  jacket 

Heat  supplied  jacket 

Heat  discharged,  jacket 

Heat  loss,  jacket 

Total  loss,  cylinder  and  jacket 

Heat  loss,  1  st  receiver  jacket 

Heat  loss,  ad  receiver  jacket 

Quality  of  steam  entering 

Quality  of  steam  at  cut-off 

Quality  of  steam  at  release 

Quality  of  steam  at  admission 

Quality  of  steam  in  exhaust 

Heat  lost,  admission ' 

Heat  restored,  expansion 

Heat  rejected,  exhaust 

Heat  lost,  compression 

Heat  utilized,  work 

Heat  lost,  radiation 

Ratio,  radiation  to  work 

Ratio,  cyl.  condensation  to  work 

Thermodynamic  etficiency 

Actual  efiiciency 

Efliciency  compared  with  ideal 

Radiating  surface  of  engine 

Loss  per  sq.  ft.  per  hour 

Loss.per  sq.  ft.  per  hour 

Loss  per  degree  difl.  tempt 


Sym- 
bols. 


M 
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Formula. 


High 

Pressure. 


Inter  P. 


Low  P. 


Mr.  J.  B.  Stanwood. — Mr.  Barrus  in  his  paper  classifies  engines 
in  accordance  with  their  service.  Group  4  embraces  engines  em- 
ployed in  generating  electricity.  I  would  suggest  that  attention 
be  given  to  the  determination  of  variations  in  steam  consumption 
per  indicated  horse-power  as  affected  by  variations  in  load  for 
engines  of  this  group. 

It  is  commercially  important  to  determine  for  engines  in  this 
service  what  our  electrical  friend  (in  relation  to  dynamos)  calls 
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the  "  characteristics."  Tills  is  tlie  relation  between  pounds  of 
steam  per  iticlicated  horse-power  and  the  load-liyiit :  ^,  ^,  ^,  full 
load  and  over  load. 

Information  is  sorely  needed  to-day  upon  this  point,  in  order 
that  more  exact  knowledge  may  be  obtained  of  the  economical 
value  of  different  types  of  engines  employed  in  this  service. 

Mr.  William  T.  Magruder. — Mr.  Bryan  Donkin  mentions  in  his 
paper  the  subject  of  gas  and  oil  motors,  but  omits  them  from  his 
classification,  and  also  omits  the  fourth  division  of  Mr.  Barrus's 
paper  on  engines  employed  in  generating  electricity.  I  should 
like  to  see  not  only  this  fourth  class  retained,  but  also  a  sixth 
class  added  to  Mr.  Barrus's  suggestions,  namely,  those  engines 
which  are  run  by  gas  or  oil.  The  engines  in  the  five  classes 
mentioned  by  Mr.  Barrus  are  all  based  on  physics,  but  with  gas 
and  oil  engines  we  have  to  do  not  only  with  physics,  but  with 
chemistry,  and  those  of  us  who  have  made  accurate  tests  of  gas 
and  oil  engines  find  that  there  is  a  large  amount  of  diflncult  chem- 
istry involved.  Not  only  do  we  have  the  physical  problems,  such 
as  the  determination  of  the  fuel  and  water  consumption,  the  tem- 
jieratures  of  the  fuel,  air  and  water  and  the  like,  but  we  also  have 
the  chemical  problems  of  the  calorimetry  and  analysis  of  the  gas 
or  oil  and  of  the  exhaust  gases.  If  the  problem  of  coal  calo- 
rimetry has  been  a  difficult  task  when  a  few  grammes  of  coal  are 
used  for  a  sample,  how  much  greater  need  is  there  for  skill  and 
accuracy  when  but  a  few  milligrammes  of  the  gas  are  used  for  a 
sample.  Another  special  problem  arises  in  the  necessity  for  the 
invention  and  use  of  a  continuous  indicator.  The  need  for  such 
an  indicator  is  brought  about  by  the  fact  that  both  in  the  present 
"  hit  and  miss  "  and  in  the  throttling  systems  of  governing  we  do 
not  get  the  same  initial  pressure  nor  the  same  area  of  indicator 
cards  in  successive  cycles  or  double  strokes,  so  that  it  is  possible 
to  obtain  high  or  low  mechanical  efficiencies,  according  to  whether 
the  cards  taken  were  small  or  large  ones.  A  similar  problem 
arises  in  counting  the  number  of  explosions  in  order  to  determine 
the  indicated  horse-power,  as  it  does  not  necessarily  follow  that 
the  fuel  is  exploded  or  burned  in  all  gas  or  oil  engines  every  time 
a  charge  is  taken.  These  are  but  a  few  of  the  many  prol)lems 
arising  in  the  tests  of  these  engines  which  do  not  obtain  in  the 
case  of  tests  of  steam  engines.  If  this  committee  is  appointed, 
I  would  therefore  suggest  that  it  be  requested  to  also  consider 
the  addition  of  this  sixth  class  to  the  five  suggested  by  Mr. 
47 
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Barrus,  and  that  it  formulate  a  staDclard  method  of  testing  gas 
and  oil  engines  and  report  the  same  to  this  Society. 

Mr.  Chas.  W.  Barnahy. — There  is  one  point  in  connection  with 
the  tests  of  engines  that  it  seems  to  me  sliould  be  covered  by  this 
system  of  standard  tests,  and  that  is  the  point  of  cut-off.  The 
expert  who  conducts  an  economy  test  is  frequently  called  upon  to 
decide  whether  the  dimensions  of  the  cylinders  on  the  engine  are 
such  as  will  give  the  specified  power  at  the  specified  point  of  cut- 
off. The  question  is,  What  is  the  "point  of  cut-off"?  A  single 
cylinder  engine  is  usually  required  to  develop  a  given  power,  cutting 
off  at  ^  stroke.  Xo\^,  what  is  meant  by  |  cut-off?  In  the  case  of 
the  Corliss  engine,  where  the  steam-line  is  carried  out  practically 
straight,  we  get  a  straight  initial  line  and  quite  a  sharp  cut-off. 


Fig.  in. 

On  the  Corliss  engine  actual  closure  of  the  port  at  ^  stroke  wiU 
give  very  different  results  from  those  which  would  be  obtained 
from  the  single  valve  engine,  when  the  initial  line  is  rounded 
down  to  a  considerable  dergee  before  the  actual  cut-off  takes 
place.     Fig.  171  illustrates  this. 

The  idea  is  that,  supposing  the  upper  line  (AB)  to  represent 
the  admission  line  of  a  Corliss  card,  and  the  lower  curve  {AB') 
that  of  a  single  valve  card,  the  point  {B,B')  of  actual  port 
closure  being  in  both  cases  on  the  line  {C^D)  representing  ^ 
stroke,  it  is  evident  th?t,  taking  the  point  of  actual  closure  at  \ 
stroke,  we  get  a  higher  degree  of  expansion  on  the  single  valve 
engine  than  we  do  on  the  Corliss,  leaving  the  clearance  out  of 
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consideration.  Of  course  the  extra  clearance  in  the  single  valve 
engine  has  a  tendency  to  raise  the  terminal  pressure,  and  thus 
reduce  the  number  of  expansions;  but  I  think  that  ordinarily, 
with  an  actual  closure  of  the  port  at  |  stroke,  the  terminal  pres- 
sure of  the  single  valve  engine  would  be  lower  than  the  Corhss, 
thus  giving  a  greater  number  of  expansions  on  the  single  valve 
than  on  the  Corliss  engine.* 

It  therefore  seems  to  me  that  the  point  of  actual  port  closure 
is  not  the  proper  basis  upon  which  to  determine  the  I'ating  of  the 
engine.  I  take  it  that  when  |  cut-off  is  specified  V)y  the  purchaser 
as  the  basis  upon  which  the  rating  of  the  engines  offered  him  is 
to  be  determined,  he  desires  the  economy  corresponding  with  a 
theoretical  ^  cut-off  rather  than  an  actual  closure  of  the  valve  at 
any  particular  point.  In  other  words,  that  the  point  of  cut-off 
should  be  at  such  point  on  the  curve  CE  or  CE-  due  to  \  cut-off  on 
a  horizontal  initial  line  as  will  give  a  rate  of  expansion  which  will 
correspond  with  a  theoretical  closure  of  the  port  at  CK  The 
important  point  is  to  secure  economy  by  getting  a  certain  degree 
of  expansion.  It  is  not  material  as  to  the  exact  point  at  which  the 
valve  actually  closes.  Therefore,  if  the  standard  method  of  con- 
ducting engine  tests  is  intended  to  cover  the  determining  of 
capacity  as  well  as  economy  of  engines,  it  seems  to  me  that  the 
manner  of  determining  the  point  of  cut-off  should  be  established. 
Possibly  it  should  be  measured  from  the  actual  clearance  line 
FG  or  FG .  I  am  not  quite  clear  as  to  the  exact  point  from, 
and  to,  which  it  sliould  be  measured,  and  possibly  that  does  not 
make  so  much  difference,  provided  all  parties  understand  what 
the  point  of  cut-off  is  based  upon,  so  that  when  a  manufacturer 
guarantees  that  his  engine  will  develop  such  a  jiower  at  such  a 

*Upon  platting  out  the  cards  in  the  above  figure  with  about  3  per  cent,  clear- 
ance for  the  Corliss  and  12  per  cent,  for  the  single  valve  engines,  I  find  that  the 
Corliss  card  A  B"  E^  H^  A  and  the  single  valve  card  A  B"  E"  IP  A,  each  hav- 
ing an  expansion  corresponding  with  that  which  would  result  from  a  sharp  cut-off 
at  the  i  stroke  on  the  horizontal  steam  line  A I  and  a  point  of  actual  port  closure 
at  B^  and  B'  respectively,  have  practically  the  same  area,  giving  some  41  pounds 
M.  E.  P.  at  80  pounds  initial  pressure.  On  the  other  hand,  if  the  point  of  ac- 
tual closure  is  taken  at  1  stroke,  at  B  and  B  ,  giving  a  Corliss  card  A  B  E  H^  A 
and  a  single  valve  card  ABE'  H  A,  the  former  will  have  about  40  and  the 
■  latter  only  about  29  pounds  M.  E.  P.;  the  rate  of  expansion  being  that  which 
would  bedue  to  a  cut-off  at  C,  about  .24  stroke,  in  the  first  case,  and  at  C,  about 
.16  stroke,  in  the  second  case. 

I  also  find  that  the  terminal  pressure  E  of  the  single  valve  card  does  fall  below 
the  terminal  pressure  E  oi  the  Corliss  card,  as  I  predicted  at  the  meeting. 
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point  of  cut-oft*,  lie  will  know  how  it  will  be  understood  by  the 
purchaser  a-ud  the  expert  who  conducts  the  test. 

Prof.  S.  W.  Jiohinson. — Wliat  should  be  considered  the  point 
of  cut-off?  I  think  there  should  be  some  such  term  as  effective 
cut-off  or  theoretical  cut-off'  laid  down  and  established  by  this  com- 
mittee when  its  work  is  done.  Undoubtedly  that  question  has 
been  np  in  the  minds  of  many  gentlemen  here.  Taking  this  dia- 
gram Fig.  172  as  drawn,  this  curve  IIFG,  for  instance,  is  the 
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Fig.  172. 

actual  curve  given  by  the  indicator.  Now,  at  some  point  near  F 
the  actual  cut-off  or  actual  closure  of  the  valve  occurred,  so  that  the 
actual  cut-off  or  the  actual  closure  of  the  valve  would  be  found  by 
projecting  a  vertical  line  from  F  np  to  E.  That  point  would  be  not 
far  from  where  the  counter-curvature  at  F  occurs,  and  that  is  the 
point  in  the  stroke  of  actual  closure  of  the  valve — but  not  the  point 
of  effective  cut-off  that  I  wish  to  call  attention  to.  I  think  that 
some  point  C  should  be  obtained  by  continuing  the  line  GF  back 
on  some  steam  curve  line  FC  to  C  to  find  the  effective  cut-off. 
That  point  should  always  be  brought  out  in  connection  with  tests. 
Attention  is  called  to  this  important  matter,  and  it  is  believed 
that  the  instructions  to  this  committee  that  shall  be  appointed 
should  be  such  as  to  require  them  to  establish  some  point  C  as 
the  true  theoretical  point  of  cut-off  and  defining  the  line  FC, 
even  in  the  case  where  there  is  considerable  curvature  DF  of^ 
the  actual  indicator  line, 

3Ir.  Barnahy. — I  would  like  to  ask  Mr.  Robinson  whether  he 
would  measure  that  point  from  the  end  of  the  card  or  from  the 
clearance  line ;    also  as  to  whether  the  terminal  pressure  ought 
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not  to  be  taken  into  consideration  too.  Of  course  either  of  those, 
I  presume,  woukl  be  sufficient.  But  it  seems  to  me  that  either 
the  clearance  or  the  terminal  pressure  ought  to  be  one  of  the 
elements  ;  probably  the  terminal  pressure  would  be  better,  because 
the  varvinc-  amounts  of  compressions  would  affect  the  terminal 
pressure,  while  they  would  not  have  any  particular  bearing  on  the 
clearance.  So  that  if  the  theoretical  point  of  cut-ofif  was  taken  in 
connection  with  the  terminal  pressure,  there  might  be  some  satis- 
factory standard  arrived  at.  My  idea  is  that  what  we  want  to 
get  at  is  the  number  of  expansions,  and  that  could  be  best  got, 
probably,  by  taking  in  the  terminal  pressure  as  one  of  the  ele- 
ments. .  ...    ,, 

Professor  BoUnson.— In  answer  to  the  question,  if  you  will  allow 
me  a  second  word,  the  amount  of  steam  admitted  should  not  be 
taken  as  JI£  nor  HC,  but  the  compression  line  should  be  ex- 
tended according  to  some  steam  lines  from  I  to  D  io  this  top  line. 
Now  the  amount  of  steam  admitted,  I  think,  is  DC,  and  that 
should  be  compared  with  the  length  IJJ  to  obtain  the  ratio  of 
expansion.  As  to  what  steam  line  ID  should  be,  it  is  quite  a 
question  whether  it  should  be  the  adiabatic  steam  line  ;  but  the 
curve  to  make  on  the  board  or  on  the  diagram  to  estabUsh  D  would 
be  quite  a  question.  There  would  be  many  points  involved,  such 
as  the  heat  capacity  of  the  cylinder  walls,  re-evaporation  of  steam, 
etc.,  iust  as  in  this  curve  FC.  ,     ,  ,     ^, 

Mr  A  Wells  Mohinson.—li  this  Society  is  to  undertake  the  con- 
si€leration  of  this  subject,  I  should  like  to  see  it  considered  from 
two  points  of  view.  The  first  is  the  scientific  point  of  view.  1 
have  no  doubt  that  they  will  give  that  point  of  view  every  atten- 
tion The  other  point  of  view  is  that  of  the  owner  of  the  engine  ; 
and  it  seems  to  me  that  what  we  need  to  supply  him  with  is  some 
approximate  system  of  obtaining  just  the  information  that  he  wants. 
It  does  not  seem  to  me  to  be  of  much  use  to  undertake  a  very 
elaborate  svstem,  to  carry  it  out  to,  say,  eight  or  ten  places  of  deci- 
mals in  an  engine  that  is  subject  to  a  variation  of  100  per  cent, 
every  five  minutes;  and  what  the  owner  of  the  engine  wants  to  know 
in  the  majority  of  cases  is  the  cost  of  his  coal-pile,  and  how  it  can 
be  reduced,  if  possible.  ,-         t 

3fr  George  H.  Barrus.-^-l  heartily  concur  in  the  suggestion  ot 
Professor  Magruder  to  include  gas  and  oil  engines  in  the  scheme 

*  Author's  closure,  under  iLe  Rules. 
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for  the  proposed  standard  system  of  testing,  and  I  have  no  doubt 
that  the  committee  will  adopt  liis  suggestion.  The  ))riuted  forms 
used  at  Sibley  College,  which  Professor  Carpenter  submits,  will 
be  of  value  to  the  committee  when  they  come  to  consider  in  what 
manner  the  tables  of  results  had  best  be  presented.  The  question 
as  to  the  proper  location  of  the  point  of  cut-off  on  the  diagram, 
brought  up  by  Mr.  Barnaby,  is  important,  and  this  is  one  which 
should  be  settled  by  the  proposed  standards.  I  agree  with  Mr. 
Robinson  that  the  matter  under  consideration  should  be  viewed 
not  only  from  the  engineering  standpoint,  but  also  from  the  com- 
mercial standpoint.  The  interests  of  the  owner  and  user  of  an 
engine  should  certainly  be  remembered,  whatever  action  is  taken. 
As  to  Mr.  Stanwood's  suggestion,  that  it  would  be  well  to  in- 
vestigate the  relative  economy  of  engines  at  different  loads,  it 
seems  to  me  that,  although  very  desirable,  this  is  work  for  an  in- 
dependent committee  rather  than  for  the  one  proposed. 

Note  by  the  Secretary. — Mr.  Barrus's  paper  was  presented  and  discussed  in 
connection  with  the  paper  of  similar  tenor  by  Mr.  Bryan  Donkin,  of  London, 
England,  entitled,  "  Extension  of  the  Standard  Uniform  Methods  of  Conducting 
and  Reporting  Steam-Engine  Tests."  Readers  and  students  are  referred  also  to 
the  discussion  appended  to  that  paper,  which  will  be  found  as  No.  786  of  the 
current  volume. 

As  the  result  of  the  discussion  the  Council  was  authorized  and  directed  to  ap- 
point a  committee  to  consider  the  question  treated  by  Messrs.  Barrus  and  Donkin. 
This  committee,  subsequently  appointed,  consisted  of  Messrs.  Boyer,  Barrus, 
Donkin,  Jacobus,  and  Richmond. 
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DCCLXXXII.* 
THE  PROTECTIOX  OF  STEAM  HEATED  SURFACES. 


BT  C.    I..   XOnTOX,    BOSTOX,   MASS. 


The  investigation,  of  wliicli  tliis  is  a  partial  report,  has  been 
undertaken  at  the  request  of  Mr,  Edward  Atkinson,  and  lias 
been  pursued  during  a  hi-rge  part  of  the  years  1896  and  1897, 
and  is  yet  uncompleted.  The  first  object  sought  for  was  the 
relative  efficiency  of  several  kinds  of  steam  pipe  covering  now 
upon  the  market.  The  second  object  was  to  ascertain  the  fire 
risk  attendant  upon  the  use  of  certain  methods  and  materials 
used  for  insulation  of  steam  pipes.  Third,  an  attempt  was  made 
to  show  the  gain  in  economy  attendant  upon  the  increase  of 
thickness  of  coverings,  and  to  show  also  the  exact  financial 
return  which  may  be  expected  from  a  given  outlay  for  covering 
steam  pipes.  Further  information  is  given  on  many  minor 
matters  and  conditions  effecting  the  transfer  of  heat  from  a 
steam  pipe  to  the  surrounding  air. 

Method. 

The  method  adopted  is  one  which,  so  far  as  I  know,  is 
original.  A  piece  of  steam  pipe  is  heated  from  the  inside 
electrically.  The  amount  of  electrical  energy  supplied  is  j^neas- 
ured,  and  hence  the  amount  of  heat  furnished  is  known.  If  the 
steam  pipe  is  kept  at  a  constant  temperature  by  a  given  amount 
of  heat  it  is  because  that  amount  is  just  equal  to  the  heat  it  is 
losiiig,  for  if  the  supply  were  not  equal  to  the  loss,  the  temper- 
ature would  rise  or  fall.  In  other  words,  the  heat  put  into  the 
pipe  is  just  equal  to  the  heat  lost  from  it  by  radiation,  convec- 
tion, and  conduction.  By  measuring  the  electrical  energy  sup- 
plied I  can  determine  the  heat  put  in,  and  hence  the  heat  given 
out  or  lost.  It  must  be  borne  in  mind  that  a  given  amount  of 
electrical  energy  always  produces  the  same  definite  amount  of 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the 
I'vansactions. 
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heat,  the  amount  of  heat  furnishetl  by  one  electrical  tmit  of 
enei-fijy  being  known  with  greater  accuracy  than  the  amount  of 
heat  given  out  by  a  jDOund  of  steam  in  condensing. 

The  apparatus  for  making  tests  by  this  method  comprises 
several  pieces  of  steam  pipe  of  diflferent  diameters  and  lengths, 
heated  electrically  from  within  by  means  of  coils  of  wire  in  oil. 
The  oil  is  stirred  vigorously,  and  serves  as  a  very  efficient  carrier 
of  heat  from  the  wires  to  the  pipes.  A  brief  description  of  the 
smallest  tester  may  make  the  details  of  the  apparatus  more 
easily  understood. 

A  section  is  shown  in  Fig.  173. 

A  piece  of  4:-inch  steam  pipe,  18  inches  long,  is  closed  at  one 
end  by  a  plate  welded  in,  and  at  the  other  by  a  tightly  fitting 
cover.  This  pipe  is  then  filled  with  cylinder  oil,  and  a  coil  of 
wire  of  sufficient  carrying  capacity  and  a  stirrer  are  introduced 
into  the  oil.  A  thermometer  is  inserted  in  such  a  position  as 
to  record  the  temperature  of  the  oik  An  ammeter  and  volt- 
meter or  a  wattmeter  may  then  be  connected  so  as  to  record 
the  amount  of  electrical  energy  supplied.  The  stirring  must 
be  brisk,  and  if  enough  power  is  put  into  the  stirrer  to  be  com- 
parable with  the  electrical  energy  supplied,  such  amount  must, 
of  course,  be  added,  as  it  also  is  converted  into  heat.  It  is  my 
custom  to  suspend  the  apparatus  in  the  middle  of  the  room  on 
non-conducting  cords,  and  read  the  thermometer  with  a  tele- 
scope, so  that  no  heat  from  the  person  of  the  observer  may  be 
added  to  the  supply  given  to  the  cover  from  within,  and  also 
that  care  may  be  taken  not  to  produce  air  currents  by  walking 
near  the  apparatus  during  a  test. 

Procedure. 

In  making  a  test  the  following  operations  are  carried  out,  and 
observations  are  taken  in  the  following  order : 

The  current  is  turned  on,  and  heat  is  generated  in  the  wire 
coil  until  the  wire,  oil,  and  steam  pipe  have  reached  the  desired 
temperature  at  which  it  is  proposed  to  test.  The  current  is 
then  gradually  diminished  until  it  is  found  to  be  of  just  the 
amount  necessary  to  keep  the  pipe  at  this  temperature  without 
a  rise  or  fall  of  ^\  of  a  degree  in  30  minutes.     A  reading  of  the 
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voltage  and  current  is  now  taken  at  intervals  of  30  seconds,  and 
the  watts  and  B.  T.  U.  are  computed  from  their  average.  We 
then  have  the  number  of  B.  T.  U.  lost  from  the  outside  of  this 
particular  pipe  at  this  particular  temperature.  If  now  we  place 
a  steam  pipe  cover  around  the  pipe,  we  shall  find  that  a  less 


Amperes 


Thermometer 


Fig.  173. 


amount  of  energy  is  sufficient  to  keep  it  at  the  required  temper- 
ature, the  difference  being  the  amount  of  heat  saved  by  the 
covering.  The  minimum  length  of  time  considered  sufficient 
for  the  equalization  of  heat  or  "  soaking  in  "  to  the  cover  is  six 
hours.  If,  after  a  second  heating  of  six  hours,  no  change  in  the 
conducting  power  is  noted,  the  cover  is  considered  in  a  per- 
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lUiuient  condition,  and  is  tested.  Some  covers,  notably  those 
composed  wholly  or  in  part  of  wool,  cannot  be  considered  dry 
and  constant  nntil  after  an  exposure  upon  a  pipe  at  200  pounds 
pressure  for  six  or  eight  days.  Covers  containing  sulphate  of 
lime  are  also  slow  in  drying. 

The  three  thermometers  used  were  frecpiently  standardized 
in  naphthaline,  and  were  examined  to  note  any  disagreement 
among  themselves. 

A  discussion  of  the  position  of  the  tester  and  its  exposure  to 
air  currents  will  be  found  in  a  later  paragraj)h. 

Results. 

A  comparative  test  was  made  in  1895  upon  a  number  of 
steam  p>ipe  covers  on  a  •1-inch  tester  16  inches  long.  The 
results  obtained  have  been  published  in  the  circulars  issued  by 
the  Boston  Manufacturers'  Mutual  Fire  Insurance  Company 
and  by  the  Steam  Users'  Association.  The  values  were  stated 
to  be  purely  relative,  the  specimen  being  too  small  to  give  reli- 
able data  on  the  absolute  conduction,  and  the  surrounding  con- 
ditions not  being  controlled  other  than  to  maintain  them 
constant  during  the  several  runs.  The  ends  of  the  specimen 
were  covered  by  massive  heads,  and  the  whole  tester  was 
situated  within  a  few  inches  of  a  brick  wall  and  a  stone  pier. 
It  was  called  to  my  attention  that  the  heat  loss  was  probably 
high,  and  I  agree  that  the  exposure  was  such  as  to  make  it  so, 
being  a  rather  harsh  test,  but  one  which  was  rigidly  uniform  in 
its  requirements  of  the  several  covers.  In  short,  the  actual 
loss  of  heat  per  square  foot  of  the  pipe  surface  was  correct  for 
that  particular  piece  under  the  conditions  of  the  test,  but  was 
not  sufficient  for  the  estimation  of  the  actual  saving  which 
might  be  expected  from  the  general  use  of  coverings.  I  deemed 
it  wise,  therefore,  to  construct  new  heaters,  four  and  ten  inches 
in  diameter  and  thirty-six  inches  long.  These  were  suspended 
by  non-conducting  cords  in  the  centre  of  the  laboratory,  so  as 
to  hang  freely  and  not  be  in  contact  with  any  conducting  sup- 
ports. Conduction  up  the  lead  wires  and  stirring  rod  was 
found  to  be  negligible. 

It  seems  to  me  that  I  have  approached  more  nearly  the  con- 
ditions of  actual  practice  that  can  be  obtained  by  any  other 
method  of  testing,  except  the  actual  use  of  a  long  run  of  pipe ; 
and  the  determination  of  the  amount  of  heat  put  into  such  a 
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pipe  by  the  "  coiitlensation  "  metlioJ  offers  raanj^  difficulties  and 
is  open  to  much  uncertainty.  I  feel,  therefore,  that  in  adoptin<5 
this  method  I  am  using  a  reasonable  exposure  for  the  pipe,  and 
have  an  exceptionally  good  opportunity  to  measure  the  heat 
supplied. 

The  general  appearance  of  the  testing  apparatus  is  shown  in 
Fig.  174:.  Table  I.  gives  the  relative  conductivity  of  the  varioiis 
kinds  of  steam  pipe  cover  tested  up  to  April,  1898. 

It  gives  the  results  of  the  tests  upon  most  of  the  samples 
tested,  some  being  omitted  when  found  to  be  of  such  low  effi- 
ciency as  to  be  of  doubtful  value. 

TABLE    I. 


Specime.v. 

Name. 

!•-=• 

«   O/.S 

q.S-S 
^^} 
« 

2.20 
2  88 

2.38 
2.45 
2.49 
2.62 
2  77 
2.80 
2.87 
2.88 
2.91 
3.00 
3.83 

»   (U 

.S 
.11 

2 
tl 

1.00 
.80 
1.25 
1.12 
1.12 
1.12 
1.12 
1.50 
1.25 
1.50 
1  12 
1.12 
1.12 
1.12 

A        .        ... 

Nonpareil  Cork  Standard 

15.9 
17.2 
17.2 
17.7 
18.0 
18.9 
20.0 
20.2 
20.7 
20.8 
21.0 
21.7 
24.1 
26.1 
100 

27 

B         

• '             "      Octagonal 

16 

c 

Mauville  High  Pressure 

54 

D 

Magnesia 

35 

E 

Imperial  Asbestos 

45 

F 

W.  B 

59 

G 

.\sbestos  Air  Cell 

35 

H 

I 

J 

K 

Low  Pressure ... 

"         Magnesia  Asbestos 

Mao"nabestos        

'65* 

48 

L 

41 

o 

35 

P 

Calcite 

8.61 
13.84 

66 

Bare  Pipe 

Specimen  A  consists  of  granulated  cork  pressed  in  a  mould 
at  high  temperature,  and  then  submitted  to  a  fire-proofing 
process. 

Specimen  B  is  similar  in  composition,  but  is  made  up  of  sev- 
eral strips  of  cork  instead  of  two  semicylindrical  sections. 

Specimen  C  is  a  sectional  cover  composed  of  an  inner  jacket 
of  earthy  material  and  an  outer  jacket  of  wool  felt,  the  whole 
being  one  and  one-quarter  inches  thick. 

Specimen  D  is  a  moulded  sectional  cover  composed  of  about 
ninety  per  cent,  carbonate  of  magnesia. 
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Spocimon  E  is  essentially  an  air  cell  cover,  heinff  composed 
of  sheets  of  asbestos  paper  which  has  been  indented  before 
being  laid  up,  the  indentations  serving  to  keep  the  thin  sheets 
of  pajjer  from  coming  in  close  contact  with  one  another,  thereby 
causing  a  considerable  amount  of  air  to  be  held  throughout  the 
body  of  the  cover. 

Specimen  F  is  composed  of  a  wool  felt  with  a  lining  of  asbes- 
tos paper. 

Specimen  G  is  a  cover  made  up  of  thin  sheets  of  asbestos 
paper  fluted  or  corrugated  and  stuck  together  with  silicate  of 
soda. 

SjDecimen  H  is  a  plastic  covering  made  of  infusorial  earth. 


Fig. 174. 

Specimen  I  is  a  low  pressure  covering  similar  to  Specimen  F. 

Specimen  J  is  a  plastic  cover,  and  called  by  the  makers  mag- 
nesia asbestos.  It  contains  only  a  slight  amount  of  carbonate 
of  magnesia. 

Specimen  K. — The  magnabestos  is  a  moulded  cover,  contain- 
ing about  45  per  cent,  of  carbonate  of  magnesia  and  a  consider- 
able percentage  of  carbonate  of  lime. 

Specimen  L  is  composed  mainly  of  sulphate  of  lime  and  some 
twent}'  per  cent,  of  carbonate  of  magnesia,  and  has  upon  its  outer 
surface  a  thick  sheet  of  felt  board. 

SiJecimen  O  is  similar  to  Specimen  G,  except  that  it  has 
larger  cells  and  contains  much  more  silicate  of  soda.  It  is  very 
hard  and  strong. 
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Specimen  P  is  a  sectional  moulded  cover,  composed  mainly  of 
sulphate  of  calcium.     It  has  an  outer  layer  of  felt  board. 

In  regard  to  tlie  compositions  of  specimens  C,  J,  L,  and  P, 
I  desire  to  state  that  I  have  matle  no  complete  analysis,  but 
have  satisfied  myself  that  the  principal  ingredient  is  sulphate  of 
calcium  and  not  carbonate  of  magnesia.  Prospective  purchasers 
of  pipe  covers  should  not  be  misled  by  names.  Since  the 
appearance  of  Professor  Ordway's  reports  it  has  been  recog- 
nized that  carbonate  of  magnesia  was  of  great  value  as  a  non- 
conductor of  heat,  hence  the  name  "  magnesia"  has  1)een  applied 
to  a  great  many  covers.  It  is  to  be  observed  that  there  is  no 
virtue  in  a  name.  Asbestos  is  merely  an  incombustible  material 
in  which  air  may  be  entrapped,  but  when  not  porous  is  a  good 
conductor  of  heat.  Magnesia  is  a  most  effective  non-conductor. 
This  name  has  been  applied  to  many  compounds  of  which  the 
greater  part  consist  of  carbonate  of  lime,  or  plaster  of  Paris, 
materials  which  are  not  good  as  a  heat  retardant.  The  per- 
centage of  magnesia  carbonate  and  plaster  of  Paris  in  several 
moulded  sectional  covers  is  given  in  Table  II. 

I  have  made  no  investigation  of  the  effect  of  the  raw  materials 
upon  the  metal  of  the  pipe  other  than  to  satisfy  myself  that  the 
cork,  magnesia,  air  cell  and  Imperial  covers  cause  no  corrosion. 

TABLE   II. 


Specimen. 

Pekcentage  Cojiposition. 

Mg.  CO3. 

Ca.  SO4. 

D 

80  to  90 
less  than  5 

20  to  25 
less  than  5 

10  to  15 

3 

c 

65  to  75 

L 

50  to  60 

P 

75 

J 

The  conditions  of  testing  were  such  as  I  have  adopted  as 
being  reasonably  near  the  conditions  of  actual  practice.  The 
room  temperature  was  kept  at  72  degrees  Fahrenheit,  and  the 
openings  into  the  room  were  carefully  closed.  It  was  found 
early  in  the  series  that  variation  in  the  amount  of  moisture 
present  in  the  air  altered  the  amount  of  heat  lost  from  the  cov- 
ers, but  no  attempt  was  made  to  correct  for  this.  The  error 
introduced  is  not  greater  than  one  per  cent. 
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It  was  found  that  the  heat  loss  per  square  inch  of  the  flat 
surfaces  at  the  ends  of  the  pipes  was  less  by  several  per  cent, 
than  the  loss  from  the  sharply  curved  sides,  and  as  all  pipe 
covers  tested  were  used  to  cover  both  sides  and  ends,  the  ti<r- 
ures  given  in  the  table  show  a  loss  less  than  would  be  shown 
were  the  pipe  surface  whoU}''  cylindrical,  and  more  than  if  it 
were  all  flat. 

The  pipes  were  suspended  from  the  ceiling,  as  described  in 
an  early  paragraph,  and  the  air  circulating  about  them  was  due 
only  to  their  own  convection  currents.  The  variation  in  thick- 
ness in  different  places  on  the  same  specimen  was  considerable, 
but  an  average  of  twenty  measurements  was  taken  and  results 
given  in  the  table  to  the  nearest  one-eighth  of  an  inch.  Owing 
to  these  variations  in  thickness,  the  results  of  a  measurement 
of  the  efl&ciency  of  any  one  cover  cannot  be  used  to  predict  the 
efficiency  of  a  second  cover  of  the  same  make  with  an  accuracy 
greater  than  two  per  cent.  Two  specimens  of  each  make  were 
tested,  and  in  some  cases  four,  the  mean  value  being  given  in 
the  table. 

Table  III.  gives  the  saving,  in  dollars,  due  to  the  use  of  the 
various  covers. 

Table  lY.  shows  that  at  the  end  of  ten  years  the  best  of  the 
covers  tested  will  have  saved  $46  more  than  the  poorest.  The 
difference  between  the  several  covers  of  the  better  grade  is 
exceedingly  small. 

The  money  saving  is  computed  on  the  following  assumptions. 
Coal  at  $4  a  ton  evaporates  ten  pounds  of  water  per  pound  of 
coal.  The  pipes  are  kept  hot  ten  hours  a  day  three  hundred 
and  ten  days  a  year.  If  computations  are  made,  as  is  some- 
times done,  on  an  assumption  that  the  pij^es  are  hot  twenty- 
four  hours  a  day  three  hundred  and  sixty-five  days  in  a  year,  the 
saving  is  nearly  three  times  that  shown  in  Table  III. 

Generally  speaking,  a  cover  saves  heat  enough  to  pay  for  it- 
self in  a  little  less  than  a  year  at  310  ten-hour  days,  and  in 
about  four  months  at  365  twenty-four-hour  days. 

It  is  evident  that  the  decision  as  to  the  choice  of  cover  must 
come  from  other  considerations,  as  well  as  from  the  conduc- 
tivity. 

The  question  of  the  ability  of  a  pipe  cover  to  withstand  the 
action  of  heat  for  a  prolonged  period  without  being  destroj^ed 
or  rendered  less  efficient  is  of  vital  importance.    The  increasing 
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use  of  cork  as  au  insulator  lias  led  to  many  questions  as  to  its 
ability  to  remain  "fire  proof,"  I  have  exposed  it  to  a  tempera- 
ture corresponding  to  350  pounds  of  steam  for  three  months, 


TABLE   III. 


Specimen. 


Name. 


A iNonpareil  Cork  Standard. . . , 

B Nonpareil  Cork  Octajronal. . 

C Mauville  Sectional,  11.  P 

D I  Magnesia 

E.... 
F.... 
G. . . . 
H.... 

I 

J.... 


Imperial  Asbestos 

"  W.  B." 

Asbestos  Air  Cell 

Mauville  Infusorial   Earth.  . . 

Manville  Low  Pressure 

Mauville  Magnesia  Asbestos, 


K Magnabestos 


Moulded  Sectional. . 
Asbestos  Fire  Board. 

Calcite 

Bare  Pipe 


Loss  B.  T.  U. 
200  lbs. 


2.20 
2.38 
2.38 
2.45 
2.49 
2.62 
2.77 
2.80 
2.87 
2.88 
2.91 
3.00 
3.33 
3.61 
13.84 


Saving  B.  T.  U. 


11.64 
11.46 
11.46 
11.39 
11.35 
11.22 
11.07 
11.04 
10.97 
10.96 
10  93 
10.84 
10.51 
10.23 
0.00 


Saving  per  year 
per  100  sq.  ft. 


$37.80 
37.20 
37.20 
36.90 
36.80 
36  40 
36.00 
35.85 
35.65 
35.60 
35.50 
35.20 
34.20 
33.24 


TABLE   IV. 
Net  Saving  pek  100  Sq.  Ft. 


Specimen. 


A, 

B  . 

C, 

D, 

E, 

F, 

G. 

H 

I.. 

J. 

K 

L. 

O. 


Nonpareil  Cork  Standard 

Nonpareil  Cork  Octagonal 

Manville  Sectional  High  Pressure. 

Magnesia 

Imperial  Asbestos 

"\V.  B." 

Asbestos  Air  Cell 

Manville  Infusorial  Earth 

Mauville  Low  Pressure 

Manville  Magnesia  Asbestos 

Magnabestos 

Watson's  Moulded  Sectional 

Asbestos  Fire  Board 


1  Year,  i  2  Tears. 


P .Calcite  . . . 

Q iBare  Pipe. 


^12  80 
12  20 
12  20 
11  90 
11  80 
11  40 
11  00 
10  85 
10  65 
10  60 
10  50 
10  20 
9  20 
8  24 


$50  60 
49  40 
49  40 
48  80 
48  60 
47  80 
47  00 
46  70 
46  30 
46  20 
46  00 
45  40 
43  40 
41  48 


5  Years. 


$164  00 
161  00 
161  00 
159  50 
159  00 
157  00 
155  00 
154  25 
153  75 
153  00 
152  50 
151  00 
146  00 
141  20 


10  Years. 


$353  00 
347  00 
347  00 
344  00 
343  00 
339  00 
335  00 
333  00 
331  00 
331  00 
330  00 
327  00 
317  00 
307  00 


and  to  a  temperature  corresponding  to  100  pounds  for  two 
years,  and  can  detect  no  change,  and  I  am  satisfied,  as  well  as 
one  can  be  without  the  actual  experience,  that  any  suspicion  of 
its  ability  to  withstand  continued  heating  is  groundless. 
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The  magnesia  covering  is,  of  conrse,  unquestionable  on  this 
ground,  being  ahnost  indestructible  by  heating. 

The  Imperial  asbestos  is  also  perfectly  safe  from  any  fire 
risks,  as  is  the  air  cell  and  fire  board. 

The  Manville  infusorial  earth  and  also  the  Manville  asbestos 
magnesia  are  liable  to  no  accident  from  fire,  nor  is  the  Carey 
caleite. 

It  is  to  those  covers,  the  "  W.  B."  of  the  Watson  Co.,  and  the 
Manville  sectional  and  others  which  possess  a  composite  struc- 
ture, that  I  desire  to  call  attention.  I  do  not  consider  it  safe  to 
put  upon  a  steam  pipe  wool,  hair,  felt,  or  woollen  felt  in  anj 
form.  The  causes  of  risk  are  two  :  First,  the  wool  may  become 
charred  by  heat  from  the  pipe  and  finally  ignited.  However, 
this  can  hardly  happen,  even  on  high-pressure  pipes,  when  the 
thickness  of  fire-proof  material,  asbestos,  magnesia,  or  whatever 
it  may  be,  is  of  as  great  a  thickness  as  one  inch.  The  second 
and  most  serious  risk  is  from  the  presence  in  shops  or  mills  of 
the  long  tubes  of  wool,  dry  as  tinder,  often  connecting  one  room 
with  another,  and  ready  to  flash  at  the  slightest  rise  in  the  al- 
ready too  great  temperature.  I  would  even  insist  that  the  can- 
vas jackets  on  the  covers  be  fire-proof.  An  accident  in  my  own 
laboratoiy  has  proved  the  actual  danger  of  these  wool  felts,  and 
I  should  not  be  willing  to  allow  their  use  again.  Their  efficiency 
is  high  as  non-conductors,  but  not  higher  than  any  other  per- 
fectly safe  covers.  If  the  wool  is  separated  by  about  one  inch 
of  fire-proof  material  from  the  pipe  it  is  not  kept  so  hot  and 
dry,  and  the  risks  from  outside  ignition  are  less ;  but  I  do  not 
endorse  the  practice  of  many  engineers  in  wrapping  hair  felt 
outside  of  a  sectional  cover.  The  saving  due  to  this  practice  is 
indicated  in  Table  V. 

The  following  assumptions  have  been  made  in  computing  the 
Tables  IV.,  V.,  and  YL  First,  that  all  the  covers  cost  $25  per 
one  hundred  square  feet  applied.  I  realize  this  is  a  high  figure, 
perhaps  too  high,  yet' it  is  not  far  from  the  list  price  of  several 
makers,  and  any  attempt  to  get  a  definite  price  from  them  re- 
vealed a  maze  of  discounts  and  double  discounts  and  flexible 
f)rice  lists  too  intricate  for  an  uninitiated  mind  to  travel.  In 
case  the  saving  due  to  a  cover  which  costs  $20  instead  of  |25  is 
desired,  the  simple  addition  to  the  final  saving  of  the  $5  differ- 
ence makes  the  necessary  correction. 

Secondly,  by  the  advice  of  the   makers,  I  have  made  an  as- 
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sumption  that  the  cost  is  not  nearly  proportional  to  the  thickness. 
As  the  thicker  coverings  are  not  now  made  in  great  quantities^ 
the  actual  cost  of  their  manufacture  is  uncertain. 


TABLE   V. 
Variations  in  Thickness,  etc. 


Specimen. 

Saving  in 

B.  T.  if  per 

sq.  ft.  per 

minute. 

Saving  in 
dollars 
per  100 

sq.  ft.  per 
year. 

Het  Saving. 

'3  o 

1  year. 

3  years. 

5  years. 

10  years. 

1^ 

Magnesia  : 

li  iuclies  thick 

Magnesia,      If    inches 
thick   and  1  inch  of 
hair  felt 

Magnesia,      1|    inches 
thick  and  2  inches  of 
hair  felt 

Nonpareil  cork  : 

1  inch 

11.62 
12.88 

12.77 

11.64 
12.84 
12.94 

10.54 
11.48 
11.70 
11.83 

$37  75 

40  22 

41  50 

37  80 

41  75 

42  05 

34  20 

37  25 

38  00 
38  40    . 

$7  75 
5  22 

1  50 

12  80 
7  75 
7  95 

9  20 

2  25 
12  00 
26  60 

$45  50 
45  44 

43  00 

50  60 

48  50 

$159 
166 

167 

164 
174 

$347 
367 

375 

353 
383 
370 

317 
337 
330 
319 

$30 

35 

40 
25 

2  inches  

35 

3  inches 

34  10       160 

50 

Fire  board  : 

1  inch  

43  40 
39  50 
26  00 
11  80 

146 
151 
140 
127 

25 

2  inches  

35 

3  inches  

50 

4  inches 

65 

Inspection  of  Table  V.  shows  the  saving  due  to  the  use  of 
hair  felt  outside  a  standard  magnesia  cover. 

In  five  years  100  square  feet  of  hair  felt  saves  $7  more  than 
its  cost,  and  in  ten  years  it  saves  >^20  above  its  cost. 

The  further  saving  due  to  a  second  inch  outside  the  first  is 
$8  in  ten  years.  Of  course  the  well-known  tendency  of  hair  felt 
to  deteriorate  should  be  considered. 

In  the  case  of  Nonpareil  cork,  increasing  the  thickness  from 
one  to  two  inches  raises  the  cost  from  about  $25  to  $35  per  1^-0 
square  feet,  and  increases  the  net  saving  in  five  years  by  |10, 
and  by  $30  in  ten  years.  In  other  words,  the  second  inch  of 
material  in  use  about  pa^^s  for  itself  in  two  years,  while  the  first 
pays  for  itself  in  about  one  year.  The  third  inch  does  not  in- 
crease the  saving  even  in  ten  years.  The  second  inch,  there- 
fore, more  than  pays  for  interest  and  depreciation,  while  the 
third  fails  to  do  this. 

In  the  case  of  the  asbestos  fire  board,  a  second  inch  in 
48 
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thickness  causes  a  saving  of  $20  in  ten  years,  the  tliird  and 
fourth  inches  showing  a  loss. 

In  general  it  may  be  said,  therefore,  that  if  five  years  is  the 
length  of  life  of  a  cover,  one  inch  is  the  most  economical  thick- 
ness, while  a  cover  which  has  a  life  of  ten  years  may  to  advan- 
tage be  made  two  inches  thick. 

In  view  of  the  custom  which  prevails  to  some  extent  of  wrap- 
ping asbestos  paper  around  a  pipe,  and  surrounding  the  whole 
with  hair  felt,  I  made  tests  as  to  the  temperature  of  the  bound- 
ing line  of  the  asbestos  paper  and  hair  felt,  using  a  Le  Chatelier 
thermo-electric  pyrometer  for  this  purpose.  The  different  sam- 
ples of  asbestos  paper  give  widely  varying  results,  but  a  general 
idea  of  the  protection  offered  by  the  paper  may  be  had  from 
Table  YI. 

TABLE  VI. 
Protection  Afforded  by  Asbestos  Paper. — Pipe  at  200  Pounds  Pressure. 


Thickness  of  Asbestos 
Paper. 

Temperature  of  Pipe. 

Temperature  of  Inside 
of  Hair  Felt. 

Pressure  Corresponding 

to  the  Temperature  of 

the  Inside  of  the 

Hair  Felt. 

-g\  incli. 

384.7°  Fahr. 
385.0°      " 
384.6°      " 
384.7°      " 

356=  Fahr. 
329°     " 
302°     " 
266°     " 

146  pounds. 
102 

70 

39 

I  have  had  my  attention  called  to  the  varying  loss  from  bare 
pipes  when  their  surfaces  were  in  varying  conditions  as  regards 
rust,  dirt,  paint,  etc.  I  therefore  made  a  few  brief  tests  to  sat- 
isfy my  mind  as  to  the  chance  of  there  being  any  large  variation 
which  might  influence  my  figure  for  the  loss  from  bare  pipe, 
viz.,  13.84  B.  T.  U.  per  square  foot  per  minute.     The  results  are 

shown  in  Table  YII. 

TABLE  VIL 

Loss  of  Heat  at  200  Pounds  from  Bare  Pipe. 

B.  T.  U.  Lost  per 
Condition  of  Specimen.  sq.  ft.  per  minute. 

New  pipe 11.96 

Fair  condition 13 .  84 

Rusty  and  black 14.20 

Cleaned  with  caustic  potasli  inside  and  out 13.85 

Painted  dull  white 14.30 

Painted  glossy  white 12 .  02 

Cleaned  with  potash  again 13 . 84 

Coated  with  cylinder  oil 13 .  90 

Painted  dull  black 14 .40 

Painted  glossy  black   13-10 
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The  rate  of  heat  loss  from  a  bare  pipe  is  also  affected  by  the 
air  circiilation  and  the  temperature  of  the  surroundin<j^  bodies. 
A  few  tests  were  made  to  indicate  the  magnitude  of  the  errors 
likely  to  be  caused  by  variation  in  these  conditions,  and  a  brief 
examination  of  some  of  the  results  may  be  interesting.  They 
are  given  in  Table  YIII. 

TABLE   VIII. 
Effect  of  Surroundings. 

B.  T.  U.  lost  per  sq.  ft.per 
Condition  and  Position  of  Pipe.  minute  at  2(X)  pounds. 

1.  Standard  condition  luiug  in  centre  of  room 18.84 

2.  Near  brick  wail,  between  window.s 14.26 

3.  Hunnj  horizontally  in  centre  of  room 12. OG 

A    fT    i-     iin-     1      •       i  36  inclie.s  lonff 13.48 

4.  Vertical  lO-.nch  pipe  ^  jg  .^^^^^  j^,^^^ ^^  43 

rr    TT    1-     1    10  ■     1       1         (  10  inches  diameter 1442 

5.  Vertical,  18  inches  long  -[    ^  .^^^^^^  diameter 15.20 

6.  4  inches  diameter  in  draft  from  electric  fan 20.10 

Table  IX.  shows  the  varying  loss  from  a  bare  pipe  with  the 

change  in  pressure  : 

TABLE   IX. 

Vauiation  of  Heat  Loss  with  Pressure. 

„  Bare  Pipe.    Loss  B.  T.  U.  per 

iressure.  gq  ft  pg^  n,j„_ 

340  15.97 

200  13.84 

100  8.93 

80  8.04 

60  7.00 

40  5.74 

A  very  thorough  test  was  made  of  the  common  method  of  judg- 
ing a  pipe  cover  by  the  sensation  of  warmth  given  the  hand  on 
touching  it,  and  nothing  too  harsh  can  be  said  of  this  practice. 
The  sensation  is  dependent  to  such  an  extent  upon  the  nature  of 
the  surface  that  it  fails  utterly  to  give  any  idea  of  the  actual  tem- 
perature. I  have  been  unable  to  devise  any  method  of  so  at- 
taching a  mercury  thermometer  to  the  outside  of  a  steam-joipe 
cover  as  to  make  use  of  it  as  a  testing  device  in  measuring  heat 
loss. 

I  am  desirous  of  calling  attention  to  the  advantages  arising 
from  the  use  of  plastic  rather  than  sectional  covers.  The  ease 
of  removal  for  repairs  or  alterations  makes  the  sectional  cover 
better  for  some  work,  but  there  is  much  pipe  surface  which 
might  be  covered  securely  with  plastic  where  a  sectional  cover 
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is  soon  ruined  by  vibration.  Of  course  the  plastic  covers  oflfer 
no  possibility  of  leaky  joints  and  long  cracks.  It  should  be 
borne  in  mind  that  in  most  cases  about  twenty  per  cent,  of  the 
entire  surface  to  be  covered  is  irregular,  and  must  be  covered 
bv  plastic  or  fittings.  It  will  be  well  for  prospective  purchasers 
of  pipe  cover  to  see  to  it  that  their  contracts  call  for  fittings 
and  plastic  of  as  high  an  efficiency  as  the  sectional  cover  shows. 
I  am  now  testing  a  considerable  number  of  samples  of  non- 
conducting material,  not  perhaps  classed  as  pipe  covers,  but 
used  for  heat  insulation.  Table  X.  gives  some  figures  concern- 
ing them  which  may  be  of  interest. 

TABLE   X. 

Miscellaneous  Substances. 

Snpriinf>ii  S-  T-  U.  per  sq.  ft.   Saving  In  one  year 

specimen.  p^^.  ^^^  ^^  ^00  lbs.  per  100  sq.  ft.  pipe. 

Box  A. 

1  with  sand 3.18  $34  60 

2  with  cork,  powdered 1 .  75  39  40 

3  with  cork  and  infusorial  earth .- 1 .  90  38  90 

4  with  sawdust 2. 15  37  90 

5  with  charcoal 2.00  38  50 

6  with  ashes 2.4G  36  90 

Brick  wall  4  inch  thick 5.18  28  80 

Pine  wood  1      '         "    3.56  33  80 

Hair  felt  1        "         "    2.51  36  80 

Cabot's  seaweed  quilt ; 2.78  35  90 

Spruce  1  inch  thick 3.40  33  90 

"      2     "        "    2.31  37  50 

"      3     "        "    2.02  38  50 

Oak  1  inch  thick 3.65  33  10 

Hard  pine  1  inch  thick 3.72  32  90 

The  box  A  referred  to  in  the  table  is  a  ^-inch  pine  box,  large 
enough  to  surround  the  pipe,  and  leave  a  one-inch  minimum 
space  at  its  four  sides.  In  it  were  tested  several  materials 
which  I  find  are  used  in  just  this  way  for  steam  and  cold  storage 
insulation. 

In  concluding,  I  desire  to  express  my  thanks  to  those  gentle- 
men who  have  assisted  me  in  this  test,  and  especially  to  Mr. 
John  R.  Freeman,  member  of  the  Society,  for  his  kindly  advice. 

DISCUSSION. 

Prof,  B.  C.  Carpenter. — As  I  understand  the  description  given  in 
the  paper  by  Mr.  Norton  the  results  which  he  has  recorded  and 
which  are  obtained,  doubtless  with  considerable  accuracy',  show 
the  amount  of  heat  which  will  flow  from  a  given  mass  of  heated  oil 
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through  the  surrounding  bodies  to  air.  I  cannot  as  yet  bring 
myself  to  beheve  that  this  will  give  us  any  valuable  information 
as  to  the  amount  of  heat  flow  which  would  take  place  under  sim- 
ilar conditions  from  steam  to  air,  although  it  is  possible  that  the 
comparative  results  may  be  the  same.  The  reasons  for  question- 
iuo-  these  results  are  due  to  the  fact  that  I  had,  at  one  time,  some 
experiments  made  in  which  the  flow  of  heat  was  made  to  take 
place  between  different  media,  but  in  every  case  through  the  same 
plate  of  metal.  The  media  employed  were  steam  and  water,  lard 
oil  and  water,  and  air  and  water.  The  results  in  each  case  varied 
exceedingly  w^th  the  character  of  the  medium  giving  off  the  heat, 
and  I  am  not  as  yet  prepared  to  beheve  that  oil  will  surrender  its 
heat  at  the  same  rate  as  steam. 

The  following  table  gives  the  results  of  the  experiments  referred 
to,  reduced  to  the  flow  per  square  foot,  per  degree  diflerence  of 
temperature  and  total  per  miuute.  The  difterence  in  rate  of  flow 
of  heat  of  steam  to  air  as  compared  with  oil  to  air  would  doubt- 
less be  less  than  found  in  the  conditions  shown  in  the  table,  but 
the  writer  believes  this  diflereuce  would  be  considerable  and 
sufficient  to  practically  affect  the  results. 


Heat  Transmitted  ix  Thermal  Units  Through  Clean  Cast-Iron  Plate 

7g  Inch  Thick. 


Steam  to 

Water. 

Lard  Oil  to  W^ater. 

AiK  TO  Water. 

Difference 

OF 

PerSq 

Foot. 

Per  Sq 

Foot. 

PerSq 

Foot. 

Temperature. 

1 

Per  Dejzree 

Total 

Per  Degree 

Total 

Per  Degree 

Total 

Degkee*  F. 

i)ei-  hour 
B.  T.  U. 

per  minute 
B.  T.  U. 

per  hour 
B.  T.  U. 

per  minute 
B.  T.  V. 

per  liour 
B.  T.  r. 

B.  T.  U. 

25 
50 

21 

8.8 

6.5 

2.7 

1.2 

0.5 

48 

40 

13 

10.8 

2.5 

2.7 

75 
100 

84 

110 

19.5 

24.5 

3.7 

5.8 

127 

211 

26 

43.3 

5.0 

8.3 

125 
150 

185 
255 

375 
637 

31  5 
39 

(i.5.5 
72.5 

6.2 
7.5 

13 

18.7 

175 

45.5 

13^ 

8.7 

25.4 

200 

52 

173 

10 

33 

300 
400 
500 

78 

390 

15 

'o 

20 

25 

133 

•MS 

The  above  investigation  indicates  that  the  substance  which  surrenders  the 
heat  is  of  material  importance,  as  is  also  the  temperature  of  the  surrounding 
media. 
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I  have  spent  considerable  time  in  making  experiments  relating 
to  the  flow  of  heat  from  steam  to  air  through  pipes  under  various 
conditions,  and  I  have  also  given  considerable  time  to  the  study 
of  the  reports  from  other  experiments.  There  is  a  considerable 
discrepancy  in  the  various  reports  which  have  been  given,  and  the 
writer  at  one  time  believed  that  these  could  be  accounted  for  by 
errors  in  the  measurements  of  heat  supplied,  but  my  own  investi- 
gations have  caused  me  to  believe  that,  while  some  errors  have 
resulted  in  certain  cases  from  the  practice  followed,  the  principal 
errors  were  due  to  the  change  in  condition  of  the  surrounding  air. 
I  am  fully  satisfied  that  the  amount  of  heat  which  is  given  off 
from  a  steam  pipe  may  vary  from  200  to  300  per  cent.,  depending 
upon  the  rate  of  motion  of  the  air  and  its  hygrometric  condition, 
and  I  fully  believe  that  differences  of  5  to  19  per  cent,  may  be 
caused  by  changes  in  air  currents  which  are  almost  imperceptible 
to  the  observer. 

For  these  various  reasons  I  cannot  help  but  believe  that  ac- 
curate information  of  the  heat  losses  of  steam  pipes  should  be 
made  under  conditions  which  at  least  approximate  to  those  of 
actual  use. 

3I/\  William  H.  Bryan. — The  exhaustive  data  presented  in  Mr. 
Norton's  paper  are  of  the  greatest  value  to  the  profession,  particu- 
larly those  who  are  interested  in  the  installation  of  steam  plants. 
Every  manufacturer  of  steam-pipe  covering  claims  to  have  the 
best,  and,  in  far  too  many  cases,  the  lowest  bidder  gets  the  work 
and  furnishes  a  relatively  inferior  covering. 

Two  kinds  of  cork  covering  are  reported  upon  :  the  standard 
and  octagonal,  the  only  difference  appearing — from  Mr.  Norton's 
paper — to  be  in  their  shape  and  make-up.  I  have  always  under- 
stood, however,  that  the  standard  was  the  higher-priced  covering, 
andhavingbeen  treated  to  make  it  fire-proof,  was  recommended  for 
high-pressure  work,  while  the  octagonal  was  a  cheaper  covering, 
not  having  been  treated  at  all. 

I  have  used  the  cork  covering  with  good  results,  but  cannot 
yet  speak  personally  of  its  durability.  I  was  much  surprised, 
however,  to  be  shown  recently  a  strip  of  the  standard  cork  cover- 
ing which  had  been  noticeably  charred  in  about  fifteen  months' 
service,  and  was,  furthermore,  warped  out  of  shape  to  a  consider- 
able degree.  I  could  not  learn  that  this  piece  was  faulty  in  its 
manufacture  or  that  it  had  been  subjected  to  unusually  severe 
usage.     This  has  somewhat  dampened  my  high  opinion  of  it,  but 
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I  am  in  liojjes  that  this  covering  may  prove  itself  to  be  an  addi- 
tion to  our  list  of  high-grade  reasonably  priced  coverings. 

Cork  should  not,  of  course,  be  used  on  smoke-flues  or  other 
highly  heated  surfaces. 

Tables  III.  and  IV.  are  based  on  coal  costing  $4.00  per  ton, 
and  evaporating  10  pounds  of  water  per  pound  of  coal.  With 
coal  costing  $1.50  per  ton  and  evaporating  7^  pounds  of  water, 
as  is  the  case  in  St.  Louis  and  vicinity,  these  savings  would 
be  exactly  one-half  those  given  in  the  tables.  I  hope  that  Pro- 
fessor Norton  may  be  able  to  give  us  at  some  future  date  some- 
what more  exact  figures  of  the  cost  of  coverings  than  stated  in 
Table  V. 

Mr.  H.  H.  Suplee. — Referring  to  the  last  remark  of  Professor 
Carpenter's,  concerning  the  test  of  actual  use,  I  was  informed 
some  time  ago  that  the  original  discovery  of  the  use  of  carbonate 
of  magnesia  as  a  non-comluctor  occurred  in  a  chemical  works 
where  one  of  the  magnesia  salts  was  being  made  for  medical  pur- 
poses, and  where  they  had  occasion  to  dry  materials  by  coils  of 
steam  pipe.  They  found,  unless  they  kept  the  pipes  very  care- 
fully dusted  off,  that  a  very  slight  coating  of  magnesia  dust  would 
settle  on  them  and  deprive  them  of  nearly  all  their  power  as  dr}-- 
ing  coils,  and  from  that  came  the  idea  of  using  magnesia  to  keep 
the  heat  in  the  pipes. 

I  want  to  say  one  word  in  confirmation  of  Mr.  Norton's  idea  of 
not  judging  temperature  by  the  sense  of  touch.  It  depends  not 
only  on  the  surface  of  the  material,  but  on  the  condition  of  your 
hand  at  the  time,  whether  it  is  warm  or  cold.  That  can  easily 
be  shown  by  a  simple  experiment.  By  placing  one  hand  in  a 
bowl  of  warm  water  and  the  other  in  a  bowl  of  cold  water,  and 
after  leaving  them  there  a  few  moments  put  them  together  in  a 
bowl  of  water  of  the  temperature  of  the  room,  that  water  will  feel 
quite  cold  to  one  hand  and  quite  warm  to  the  other.  That  will 
convince  one  of  the  impossibility  of  judging  the  relative  tempera- 
ture by  sense  of  touch,  except  in  a  very  imperfect  degree. 

Jfr.  Henry  G.  Meyer,  Jr. — Professor  Norton,  in  his  paper,  cal- 
culates the  saving  that  would  follow  the  use  of  each  covering 
which  he  tested  at  the  end  of  two,  five,  and  ten  years,  evidently 
basing  the  calculation  upon  the  assumption  that  the  heat  trans- 
mitted by  each  covering  remains  constant.  Unfortunately  all 
pipe  coverings  do  not  retain  their  durability,  and  it  is  just  this 
quality  which  makes  it  necessary  to  look  farther  than  the  mere 
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uon-conductiveuess  of  a  covering  when  new,  when  in  the  market 
for  such  a  materiah  A  number  of  coverings  when  new  will  give 
a  high  efficiency,  and  yet  these  same  coverings,  after  being  sub- 
jected to  the  vibrations  that  usually  occur  in  steam  pipes,  and  to 
the  moisture  which  may  escape  from  leaky  pipe  joints,  will,  in 
the  course  of  time,  be  vervmuch  less  effective  as  non-conductors. 
Although  the  results  of  such  a  test  may  not  be  available  for  some 
time,  yet  I  think  that  Professor  Norton  would  add  greatly  to  the 
value  of  his  paper  if  he  would  supplement  it  by  another,  giving 
the  results  of  further  tests  upon  these  same  coverings  at  the  end 
of  one  or  two  years,  placing  them,  in  the  mean  time,  upon  steam 
pipes  where  thej  will  be  subjected  to  common  usage.  If  such 
tests  were  made  I  believe  that  Professor  Xorton  would  find  cause 
to  alter  the  figures  materially  which  he  gives  for  the  savings  that 
would  be  realized  at  the  ends  of  the  long  periods  he  mentions. 

There  is  a  point  in  regard  to  the  .selection  of  many  of  those 
coverings  sold  as  "  magnesia  "  and  "  asbestos,"  to  which  it  may  be 
well  to  refer  at  this  time.  The  great  demand  for  pipe  coverings  on 
the  part  of  our  mills,  electric  plants,  and  particularly  our  large 
office  buildings,  has  resulted  in  placing  on  the  market  a  number 
of  pipe  coverings  commonly  called  "  magnesia  "  and  ''  asbestos  " 
coverings,  and,  although  they  are  made  of  magnesia  or  asbestos, 
they  are  frequently  not  the  kind  of  magnesia  or  asbestos  which  the 
purchaser  supposes  them  to  be.  To  make  a  cheap  covering  to  meet 
competition,  those  good  non-conductors,  carbonate  of  magnesia 
and  asbestos  fibre,  have  been  mixed  with  products  which  are 
cheaper  and  less  effective  as  non-conductors.  There  is,  of  course, 
no  harm  in  doing  this,  provided  the  true  composition  of  the  cov- 
ering is  made  known,  but  I  believe  they  should  not  be  sold  as 
magnesia  or  asbestos  coverings  when  perhaps  they  contain  but  a 
small  percentage  of  those  materials.  Asbestos  is  a  natural  rock, 
which,  when  crushed,  produces  asbestos  fibre,  the  part  which  ought 
to  be  used  in  pipe  coverings,  and  asbestos  refuse,  the  "  culm  "  of 
the  operation.  Sometimes  the  asbestos  refuse  is  mixed  with  car- 
bonate of  lime,  a  harmless  but  inferior  non-conductor,  or  with 
plaster  of  Paris.  Some  purchasers  object  to  a  covering  contain- 
ing plaster  of  Paris,  but  raise  no  objection  w'hen  they  are  told  it 
contains  sulphate  of  lime.  It  may  be  well,  therefore,  to  state 
that  tbey  are  one  and  the  same  thing.  Sulphate  of  lime  is  an 
inferior  non-conductor  and  is  apt  to  corrode  the  pipes  if  moisture 
is  present  owing  to  the  sulphuric  acid  which  would  then  form. 
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The  cost  of  piaster  of  Paris  is  less  than  10  per  cent,  of  the  cost 
of  carbonate  of  magnesia  or  asbestos  fibre ;  carbonate  of  lime 
costs  about  one-quarter  as  much ;  hence  their  use. 

Magnesia  coverings  are  also  cheapened  b}'  mixing  sulphate  or 
carbonate  of  lime  with  the  carbonate  of  magnesia,  which,  as  Pro- 
fessor Norton  points  out,  ig  a,  most  effective  non-conductor.  As- 
bestos contains  a  good  deal  of  silicate  of  magnesia,  and  asbestos 
refuse  has  been  taken  and  mixed  with  sulphate  of  lime  and  soda 
as  a  magnesia  covering.  Tlie  terms  "  magnesia"  and  "  asbestos  " 
really  mean  little  therefore,  and  are  about  as  indefinite  terms  to 
put  into  a  specification  as  the  word  "  cement."  If  carbonate  of 
magnesia  is  wanted  it  should  be  asked  for,  and  the  percentage  of 
carbonate  of  magnesia  wanted  in  the  covering  distinctly  specified. 
If  asbestos  of  the  best  grade  is  desired,  specifications  should  call 
for  a  covering  made  wholly  of  asbestos  fibre.  Any  one,  I  believe, 
can  make  it.  Certainly  there  is  no  reason  wliy  the  best  covering 
should  not  be  used,  especially  as  it  pays  for  itself  in  about  three 
months,  as  Professor  Norton's  interesting  paper  shows. 

Mr.  John  E.  Sweet. — I  have  only  one  remark  to  make,  and  that 
is  to  give  an  account  of  our  experience  with  covering.  We  are 
making  a  steam  separator  in  which  we  cover  the  outside  with 
lagging  of  one  kind  and  another.  We  have  tried  asbestos,  cork 
and  magnesia  in  the  form  of  staves,  put  on  cement,  etc.  Then 
we  covered  the  outside  with  Russia  iron  or  planished  steel.  We 
find  the  steel  on  the  outside  after  a  while  just  about  as  hot  as 
the  pipes  before  the  covering  is  put  on.  That  we  cannot  account 
for.  It  does  not  seem  to  make  any  difference  what  we  put  on  the 
outside  ;  the  steel  eventually  gets  about  as  hot  as  the  pipe. 

Prof.  S.  IF.  Rohinson. — In  accounting  for  that,  I  think  the  pol- 
ished character  of  the  surface  enters  largely  into  account.  Plan- 
ished surfaces  and  bright  surfaces  radiate  very  much  slower  than 
rough  or  black  surfaces,  and  there  being  no  chance  for  the  heat 
to  go  back  after  it  has  once  reached  the  surface  atid  having  no 
chance  to  go  forward  on  account  of  the  brightness,  it  would  seem 
that  the  ])late  must  necessaril}-  get  hot.  I  noticed  a  case  once 
in  the  Post  Office  in  Boston,-  where  there  is  an  engine  for  driving 
their  machinery  for  marking  letters,  and  so  forth,  and  a  pipe  about 
five  inches  in  diameter  brought  the  steam  for  the  engine.  This 
pipe  was  highly  polished  iron.  I  walked  back  and  forth  near  the 
pipe  and  did  not  feel  the  heat  at  all.  I  said  "  That  pipe,  I  guess, 
is  cold,"  but  on  touching  it  was  astonished  at  its  high  tempera- 
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ture.  The  temperature  was  evidently  liip;li  enough  to  account  for 
steam  at  pressure  sufficient  to  run  the  engine.  But  if  that  pipe 
had  been  a  non-lustrous  black  one  the  radiation  fi-oni  it  would 
have  been  felt  quite  a  distance  away  in  passin*,^  the  pipe.  I 
think  this  planished  steel  is  })robably  a  good  surface  to  prevent 
radiation,  and,  if  the  heat  is  prevented  from  radiating  by  the  con- 
dition of  the  surface  itself,  and  being  in  contact  with  felt  it  can 
keep  some  portion  of  the  heat  in  it,  there  will  be  heat  enough 
supplied  to  this  bright  covering  to  raise  the  temperature  quite 
high,  especially  in  view  of  the  fact  that  the  heat  cannot  readily 
get  away  from  the  surface  into  the  air, 

Mr.' Sioeet. — Did  the  jacket  do  harm  or  good? 

Professor  Rohinson. — The  asbestos  covering  does  good,  notwith- 
standing the  bright  outside  sheet  metal. 

Mr.  Siveet. — But  the  outside  steel — is  it  any  worse  or  better  for 
having  the  planished  steel  on  ? 

Professor  Robinson. — It  helps  it.  It  has  the  advantage  of  cov- 
ering the  piece  with  a  bright  non-radiating  surface,  which  will 
hold  the  heat  back.  The  brighter  the  outside  ])]ate  the  better  the 
asbestos  covering  and  the  less  the  heat  escaping ;  all  due  to  the 
non-radiation  of  the  outside  polished  plate. 

Mr.  Spencer  Otis. — Non-conducting  lagging  is  used  quite  largely 
in  covering  locomotives,  and  the  jackets  which  envelop  it  are 
planished  iron.  Last  winter  I  was  at  Denver,  and  the  superin- 
tendent of  machinery  of  one  of  the  roads  took  me  out  to  the 
roundhouse  and  showed  me  an  engine  which  had  just  come  in 
.from  the  mountains.  It  was  lagged  with  magnesia  and  had  a 
planished  jacket.  It  was  covered  with  snow,  and  enough  heat 
had  not  come  through  the  lagging  to  melt  it  down.  The  en- 
gineer who  was  running  this  engine  said  that  it  not  only  fre- 
quently occurred  with  his  engine,  but  with  other  engines.  So  that 
it  seems  to  me  there  must  be  some  other  reason  for  the  sensible 
heai.  I  have  since  then  on  several  occasions  put  my  hand  on  the 
jacket  of  an  engine  so  lagged,  and  unless  there  was  a  leak  at 
some  point,  you  could  lay  your  cheek  down  on  it  and  keep  it  there. 
But  if  there  is  a  leak  it  will  burn  you:  These  engines  carry  160 
to  200  pounds  of  steam.  Not  long  ago  in  St.  Jo  I  had  an 
illustration  of  the  effect  of  leakage,  I  put  my  hand  on  the  jacket 
and,  in  running  over  it,  I  came  near  the  air  pump.  It  appears 
the  exhaust  from  the  pump  got  iip  under  the  jacket,  and  I  burned 
my  hand  in  short  order.     The  lagging   is   absolutely   worthless 
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apparently  if  it  gets  wet.  It  occurs  to  me  the  insulating  ma- 
terial may  have  been  clamp  in  the  case  of  v/hich  Mr.  Sweet  s]iealvS. 

Tlte  President. — How  thick  was  the  lagging  on  this  engine? 

Mr.  Otis. — The  lagging  on  that  engine  in  Denver  was  an  inch 
and  a  half.  I  think  their  custom  there  is  to  use  a  minimum  of 
an  inch  and  a  quarter. 

Professor  Bohinson. — It  woukl  seem  that  my  statement  is  of 
small  effect,  referring  to  the  case  of  snow  resting  on  pipe.  But 
this  is  different  from  the  case  Professor  Sweet  refers  to,  notwith- 
standing only  a  certain  amount  of  heat  could  come  through  this 
covering  to  the  sheet  metal,  because  one  is  a  case  of  transfer  by 
radiation  and  the  other  by  direct  contact.  If  the  condition  of 
the  outside  surface  of  the  metal  is  such  that  the  heat  cannot  get 
away  from  it  readily,  it  becomes  heated.  If  you  apply  a  ball  of 
snow  against  that  plate  it  will  take  that  heat  away  very  quickly, 
by  reason  of  contact  and  not  radiation,  and  further  heat  will 
come  to  the  metal  plate  and  thence  to  the  ball  of  snow  only  as 
fast  as  that  resisting  cover  will  permit  the  heat  to  pass.  The 
case  of  snow  resting  on  the  pipe,  to  prove  that  my  statement  with 
regard  to  it  was  wdthout  effect,  is,  I  think,  proven  by  that  way  of 
putting  it — that  a  ball  of  snow  or  the  snow  resting  on  the  pipe 
can  only  get  the  heat  that  comes  through  the  coating  inside  the 
plate,  and  hence  the  snow  does  not  melt  rapidly  because  of  the 
non-conducting  coating.  I  think  the  plate  has  no  power  in  itself 
to  supply  heat  to  the  snow^ball  or  snow  deposit.  It  only  gets  its 
heat  from  the  source  within  and  through  this  coating  and,  as  a 
matter  of  course,  I  think  the  condition  of  surface  is  one  of  small 
importance  as  to  the  rate  of  melting  of  snow  that  is  in  contact 
wath  it,  because  the  heat  is  then  transferred  by  contact ;  while 
when  that  sheet  stands  out  free  from  contact,  then  I  think  the 
polished  sheet  would  serve  the  purpose  of  withholding  the  heat 
by  reason  of  the  low  radiating  power  of  the  polished  surface  and 
aid  the  coating  between  it  and  the  pipe  to  hold  back  the  heat, 
notwithstanding  it  is  a  metal  plate,  but  just  because  it  has  a  pol- 
ished plate. 

Praf.  Tliomas  IT.  Gray. — I  should  like  to  say  a  word  in  confir- 
mation of  the  point  to  which  Professor  Carpenter  has  drawn 
attention — the  very  great  importance,  in  experiments  of  this  kind, 
of  taking  care  that  the  medium  through  Avhich  the  heat  is  sup- 
plied to  the  pipe  does  not  itself  give  an  insulating  film.  The  heat 
gradient  from  the  oil  to  the  metal  pipe  is  likely  to  be  very  con- 
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siderable  for  a  thin  layer  between  the  hot  oil  and  the  pipe.  It 
is  a  matter  of  common  experience  in  physical  experiments  on 
subjects  of  this  kind  to  find  that  very  rapid  circulation  is  neces- 
sary to  remove  that  film.  We  have  great  difficulty  in  removing 
the  cold  film  from  the  metal.  The  same  thing  applies  in  the  case 
of  gas  circulation,  such,  for  instance,  as  we  have  in  the  hot  flues 
of  a  boiler.  The  film  of  hot  gases  close  to  the  flue  is  A'ery.much 
cooler  than  the  average  temperature  of  the  interior.  The  conse- 
quence is  that  we  have  to  reckon  not  so  much  with  a  very  hot 
medium  close  to  the  pipe  ;  then  conduction  through  the  pipe  with 
almost  infinite  rapidity,  you  may  say,  but  we  have  to  reckon 
with  conduction  across  a  film  of  gas  which  lies  between  the  hot 
gas  and  the  pipe,  and  then  conduction  through  the  walls  of  the 
pipe.  The  same  thing  applies  here  in  the  case  of  the  oil.  There 
is  no  doubt,  I  think,  that  the  actual  numbers  for  the  amount  of 
heat  conducted  through  will  be  greatly  modified  if  the  medium 
be  modified.  The  comparative  numbers,  however,  are  probably 
in  the  proper  order  of  magnitude. 

With  regard  to  the  point  brought  up  by  the  last  two  or  three 
speakers,  namely,  the  apparent  discrepancy  between  the  results 
obtained  with  metal  covering  on  the  outside  of  the  insulating 
material  and  no  metal  covering,  there  is  no  doubt  at  all  that  when 
we  depend  upon  radiation  from  a  smooth  surface  we  have  very 
much  slower  emission  of  heat  than  when  we  depend  upon  a  rough 
surface  of  the  ordinary  insulating  material.  The  consequence  is 
that  the  metal  surface  rises  very  rapidly  to  near  the  temperature 
of  the  inside  pipe.  The  conductivity  of  the  material  is  very  much 
greater  than  the  emission  coefficient.  The  consequence  is  that 
heat  is  supplied  through  the  conducting  material  at  a  rate  which 
is  very  large  in  comparison  Avith  the  rate  at  which  the  heat  is 
taken  off. 

Coming  to  the  next  point  which  has  been  brought  up,  namely, 
the  question  of  the  effect  of  snow,  we  have  to  remember  that  if 
we  are  carrying  a  steam  pipe  through  an  atmosphere  which  is 
below  the  freezing  point  of  water,  w^e  deposit  snow  or  ice  on  the 
pipe  and  we  get  ice  below  freezing.  Now,  ice  below  freezing  is 
almost  a  perfect  insulator  for  heat — about  as  good  as  anything 
we  can  put  on.  The  consequence  is  that  unless  we  have  a  good 
conductor  between  the  pipe  and  the  ice  we  are  not  able  to  sup- 
ply heat  enough  to  melt  any  of  the  cold  ice  on  the  outer  surface, 
because  heat  does  not  get  through  it  fast  enough  to  overcome  the 
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cliilliug  action  of  the  atmosphere.  The  question  of  radiation  or 
conduction  in  this  case  from  the  surface  to  the  ice  is  of  compara- 
tively little  importance.  I  think  the  results  there  described 
are  just  exactly  what  one  ought  to  expect  under  the  circum- 
stances. 

Prof.  F.  /?.  Hutton. — I  think  an  interesting  confirmation  of  the 
point  raised  by  Professor  Gray  will  occur  to  every  one  who  has 
had  any  experience  in  boat-sailing  with  keel  condensers.  In 
starting  the  engine  with  the  boat  at  rest  the  gauge  needle  will 
remain  at  a  rather  low  point  of  vacuum  ;  but  the  moment  that 
the  boat  is  moving  through  the  water,  the  needle  goes  right 
down  with  the  increased  efficiency  of  condensation  due  to  the 
circulation  and  the  renewal  of  the  warm  films. 

Mr.  H.  H.  Suplee. — This  question  of  the  poor  conductivity  of 
ice,  I  think,  is  somewhat  borne  out  by  the  use  of  a  wet  bulb 
thermometer  in  hygrometric  measurements.  When  the  temper- 
ature of  the  air  is  below  the  freezing  point  the  great  difficulty 
lies  in  the  formation  of  a  thin  film  of  ice  on  the  wet  bulb,  after 
which  it  is  almost  impossible  to  get  its  temperature  to  fall,  al- 
though the  temperature  of  the  air  may  be  very  much  lower.  It 
is  almost  always  necessary  to  resort  to  the  use  of  some  other 
form  of  hygrometer  unless  you  can  get  the  temperature  of  the 
wet  bulb  down  so  quickly  that  the  film  of  ice  has  no  time  to 
form  ;  showing  that  ice  is  a  poor  conductor  of  heat  and  will  not 
allow  the  heat  to  escape  from  the  bulb  as  rapidly  as  it  other- 
wise would. 

I  think  in  connection  with  this  discussion  we  might  add  snow 
to  our  list  of  non-conducting  materials  and  sell  it  at  commercial 
price. 

J//-.  Albert  H.  Bates. — It  seems  to  me  that  this  matter  of  the 
hot  planished  covering  can  be  easily  explained  by  the  analogies 
of  electricity.  There  we  are  familiar  with  static  charges  on 
surfaces.  I  think  it  is  similar  here.  If  this  planished  covering 
of  the  separator  is  insulated  by  the  asbestos  packing  on  the 
inside,  we  get  a  static  charge  of  heat  on  that  outside  covering. 
Even  though  the  insulating  material  allows  very  little  heat  to 
get  through,  still  the  little  that  does  get  through  will  gradually 
run  up  on  the  outside  covering.  But  if  there  is  any  conductor 
to  take  it  off  from  the  outside  covering  it  will  not  accumulate. 
In  the  case  of  the  locomotive  cylinder  that  conductor  might  be 
snow  or  cold  air  on  the  outside  covering,  or  a  direct  conductor 
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witli  the  cylinder  head.  But,  it  seems  to  me,  in  the  case  of  tlie 
separator,  that  though  the  phinished  covering  were  insuLated 
from  the  inside  of  the  separator,  some  heat  wouki  get  tlirough, 
and  this  woukl  gradually  accumulate  on  the  planished  covering 
in  wliat  may  be  called  a  static  charge  of  heat. 

Mr.  C.  ir.  Baker. — While  it  is  true  that  a  bright  surface  radi- 
heat  less  rapidly  than  a  dull  surface,  it  must  be  remembered 
that  a  hot  body,  such  as  a  steam  pipe,  loses  heat  also  by  the 
direct  contact  of  the  air  Avith  it,  by  convection,  as  it  is  called. 
The  amount  of  heat  lost  in  this  way,  at  ordinary  steam  temper- 
ature, is  probably  considerably  greater  than  the  amount  of  heat 
lost  by  radiation.  As  the  loss  by  convection  is  affected  very 
slightly,  if  at  all,  by  the  character  of  the  pipe  surface,  it  will  be 
seen  that  the  influence  of  a  bright  surface,  such  as  planished 
iron,  in  preventing  loss  of  heat  is  hardly  so  great  as  some  of  the 
speakers  have  claimed. 

The  author  of  the  paper  under  discussion  has  in  fact  made 
experiments  upon  this  very  point,  the  results  of  which  are  re- 
corded in  Table  7.  It  is  there  sliown  that  the  comparative  loss 
when  the  pipe  was  painted  a  dull  black  and  when  it  was  painted 
a  glossy  black  was  as  14  to  12.  The  correct  conclusion  seems 
to  be  that  planished  iron  jackets  for  locomotive  boilers,  bright 
tin  for  hot-air  pipes,  etc.,  do  cause  some  small  reduction  in  the 
loss  of  heat,  but  their  influence  is  as  a  rule  unimportant  com- 
pared with  the  reduction  in  heat  loss  which  is  effected  by  a 
layer  of  good  non-conducting  material. 

Mr.  C.  L.  Norton.^ — Professor  Carpenter's  criticism  of  the 
method  does  not  seem  to  me  justified.  The  conditions  of  the 
test  are  identical  with  those  of  actual  practice.  If  a  pipe  is 
kept  at  a  temperature  of  350  degrees  Fahr.  and  the  surround- 
ings are  at  70  degrees  Fahr.  the  pipes  Avill  lose  a  certain  definite 
amount  of  heat,  no  matter  how  the  pipe  is  kept  hot.  This  re- 
quires no  further  demonstration,  being  a  well-established  law. 
Now,  by  actual  experiment  I  have  found  what  the  temperature 
of  a  pipe  carrying  steam  at  varying  pressure  is,  and  have  made 
my  tests  accordingly.  I  do  not  see  that  Professor  Carpenter's 
experiments  have  any  direct  bearing  on  the  matter  in  hand. 

I  have  made  some  condensation  tests  on  a  long  run  of  large 
pipe  at  100  jDounds,  and  I  find  my  results  with  the  small  oil 

*Author's  Closure,  under  the  Rules. 
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tester  very  closely  borne  out.  I  do  not  believe  tlie  absolute 
figures  in  the  tables  can  be  more  than  5  per  cent,  from  the 
values  actually  found  in  practice. 

The  effects  of  air  currents  and  the  increase  in  the  moisture 
of  the  air  have  been  studied,  and  I  have  been  unable,  by  means 
of  electric  fans  and  artificial  dampening  of  the  air,  to  change  the 
heat  loss  from  a  pipe  enclosed  with  a  cover  by  more  than  ten 

per  cent. 

Mr.  Meyer's  remarks  as  to  the  durability  of  a  cover  touches 
on  a  very  important  point  and  one  which  must  some  time  be 
more  carefully  discussed.  The  only  information  at  hand  con- 
cerning this  point  is  that  nonpareil  cork,  magnesia,  and  oil  cell 
cords  which  I  tested  in  1895  are  as  good  as  new  to-day,  al- 
though they  have  been  most  of  the  time  since  July,  1895,  on  a 
pipe  at  100  pounds  pressure. 

Further,  I  have  tested  a  section  of  K.  and  M.  magnesia  six 
years  old,  and  I  find  it  identical  with  some  bought  in  the  open 
market  last  month. 
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DCCLXXXIII.* 

METHOD    OF  MANUFACTURE  AXD   TESTS  OF  A  NEW 
SEAMLESS   TUBE. 

BY   K.    C.    CARPENTEK,  ITHACA,   N.T.,  AND  P.    J.    FICKINGER,  BEAVER  FALLS,  PENN. 

(Members  of  the  Society.) 

During  the  past  few  years  the  manufacture  of  seamless  tub- 
ing has  grown  to  be  an  important  industry,  due  principally  to 
the  demand  which  has  arisen  in  the  process  of  manufacturing 
bicycles. 

The  seamless  tubing  to  be  described  in  the  following  paper 
is  made  by  a  process  of  drawing  from  a  superior  quality  of  steel 
pipe ;  t  it  is  seamless  in  the  sense  that  no  indication  of  the  weld 
which  existed  in  the  original  stock  before  drawing  is  yisible  in 
the  drawn  product,  nor  could  its  position  be  ascertained  by  any 
of  the  numerous  tests  which  were  used  to  rupture  the  finished 
tubing.  The  tubes  were  tested  by  twisting  in  a  torsion  machine, 
by  compression,  by  tension,  by  transverse  loading,  and  by 
bursting,  and  in  no  case  did  rupture  take  place  in  such  a  man- 
ner as  to  even  indicate  the  existence  of  a  weld  in  the  original 
stock. 

The  methods  which  are  extensively  employed  in  the  manu- 
facture of  steel  tubes  for  use  in  bicycles  are  as  follows  : 

First,  the  seamed  tube  which  is  made  by  rolling  up  a  strip  of 
metal  of  proper  dimensions  until  the  edges  come  in  contact  and 
then  welding  or  brazing  the  edges ;  such  tubes  are  all  charac- 
terized by  a  longitudinal  seam  which  is  apparent  even  to  a  cas- 
ual observer,  and  have  proved  less  satisfactory  and  weaker  than 
the  forms  of  seamless  tubes  to  be  described ;  they  aie  at  the 
present  time  not  in  extensive  use. 

Second,  the  Mannesmann  tube,  which  is  formed  by  a  process 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the 
Transactions. 

f  Analysis  of  steel  employed  is  claimed  to  be  as  follows:  carbon  0.08  to  0.10, 
manganese  0.45,  phosphorus  under  O.Oi,  sulphur  0.04  to  0.05,  silicon  0.009. 
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of  rolling  between  two  rolls,  the  axes  of  which  are  set  obliquely 
to  the  axis  of  the  billet.  This  process  has  been  extensively 
described,  and  is  generally  familiar  to  those  who  have  studied 
the  subject  of  manufacture  of  tubing ;  but  a  few  words  regarding 
the  process  will  be  given  here. 

In  Fig.  175  is  shown  a  diagram  of  the  rolls  A  B,  turning  on 
axes  oblique  to  each  other  and  acting  on  the  billet  C.  The 
rolls  revolve  in  the  same  direction  at  equal  rates  of  speed 
and  have  their  rear  edges  conical  in  shape  and  covered 
with  helical  grooves.     The  action  of  the  rolls  is  to  extend  the 
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Fig.  1T5 


outer  fibres  of  the  billet,  opening  the  mass  and  forming  a 
cavity  situated  in  the  centre  ;  the  cavity  begins  with  the  form  of 
an  egg-shaped  cup,  and  gradually  works  itself  outward  until 
the  other  end  of  the  billet  is  reached  and  pierced.  A  conical 
mandrel  is  often  employed,  as  shown  at  D,  its  purpose  being 
to  further  obstruct  the  motion  of  the  inner  particles  to  secure 
a  perfectly  circular  section  and  to  polish  the  interior  of  the 
tube  ;  it  is  apparent,  however,  from  the  action  of  the  rolls  in 
expanding  the  outer  fibres,  that  a  cavity  would  be  formed,  even 
were  no  mandrel  employed,  and  furthermore  it  is  quite  possi- 
ble to  form,  by  the  Mannesmaun  process,  tubes  with  closed 
ends.  After  the  billet  has  been  pierced  and  partially  worked 
49 
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into  a  tube  by  the  Mannesmann  process,  the  tube  is  completed 
by  the  ordinary  process  of  drawinf^. 

The  Steifel  process  is  a  modification  of  the  Mannesmann  pro- 
cess, and  is  used  to  considerable  extent  in  tlie  manufacture  of 
seamless  tubes.  In  this  process  the  exterior  portion  of  the  bil- 
let is  rolled  between  two  conical  discs  revolving  on  parallel 
shafts  in  such  a  manner  as  not  to  subject  the  billets  or  blanks 
to  a  torsional  strain  nor  to  one  which  will  disturb  materially  the 
longitudinal  /irraugement  of  the  fibres  of  the  metah  The  billet 
is  forced  against  a  conical  piercing  mandrel  as  it  passes  between 


Carpenter 


Fig.  177. 


the  working  surfaces  of  the  discs,  it  being  arranged  so  that  the 
mandrel  may  be  rotated  or  fixed  as  desired.  A  plan  view  of  the 
operating  mechanism  is  shown  in  Fig.  176,  and  a  side  elevation 
in  Fig.  177,  the  action  of  the  various  parts  being  as  follows  : 

The  discs  A  B  lie  in  parallel  planes,  and  are  mounted  on  the 
ends  of  the  shafts  a  h,  the  axial  lines  of  which  are  also  parallel, 
and  lie  in  the  same  horizontal  plane.  These  shafts  may  be 
mounted  in  any  suitable  housings,  and  motion  is  imparted  to 
them  by  any  suitable  gearing  or  driving  mechanism.  The  work- 
ing portion  of  the  face  of  each  disc  is  near  its  periphery,  and  as 
the  shafts  are  not  in  the  same  axial  line  the  right  hand  side  of 
one  disc  is  opposed  to  the  left-hand  side  of  the  other.      The 
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discs  revolve  in  the  same  direction  as  indicated  by  the  arrows 
thereon,  so  that  a  blank  or  billet  passed  between  them  in  con- 
tact with  their  opposin<jj  snrfaces  has  imparted  to  it  a  rotary 
movement ;  and  if  the  ])lank  is  passed  between  the  discs,  either 
sliglitly  above  or  below  the  plane  of  their  axes,  it  has  imparted 
to  it  a  longitudinal  movement  also. 

In  Fig.  176  the  working  faces  of  the  discs  are  formed  by  a  part 
of  the  plane  surface  r  of  the  disc  A ,  and  a  part  of  the  outer  bev- 
elled siirface  c  of  the  disc  B,  the  outer  diameter  of  the  surface 
c  being  the  same  as  the  inner  diameter  of  the  bevelled  surface 
c'.  The  edges  formed  by  these  two  surface  diameters  lie  oppo- 
site each  other  at  the  pass  for  the  blanks,  so  that  the  pass  is 
narrowest  at  this  point,  as  indicated  at  the  line  A^X  The  axial 
line  of  the  pass  is  located  below  the  centres  of  the  rolls,  as 
shown  in  Fig.  177,  and  guide-blocks  G  of  suitable  construction 
are  employed  to  hold  the  blanks  in  proper  position.  The  blank 
enters  the  pass  at  its  widest  point  near  the  line  i"i  ,  where  it 
is  gripped  by  the  rolls,  revolved,  and  gradually  forced  forward 
into  and  through  the  narrowest  part  of  the  pass  at  XX,  upon 
the  point  of  the  conical  mandrel  J/,  and  from  thence  over  the 
remainder  of  the  mandrel,  but  out  of  the  grip  of  the  discs. 

The  disposition  and  shape  of  the  discs  are  such  that  their 
action  upon  the  blank  elongates  or  draws  it  out  without  impart- 
ing any  spiral  twist  to  the  fibre,  resulting  in  a  finished  pierced 
blank,  the  fibres  of  which  are  parallel  to  each  other  and  sub- 
stantially straight,  or  without  twist,  and  this  feature  constitutes 
the  main  aim  and  object  of  the  invention,  and  forms  the  prin- 
cipal distinction  from  the  Mannesmann  process.  This  result  is 
accomplished  by  imparting  to  the  blank  a  substantially  uniform 
speed  of  rotation  throughout  all  those  portions  of  it  in  the  grip 
of  tbe  working  surfaces  of  the  discs.  At  the  point  XX,  where 
the  pass  is  most  contracted,  and  the  grip  of  the  discs  on 
the  blank  the  greatest,  the  radii  xx'  of  the  two  discs  are  the 
same,  and  consequently  the  speed  of  rotation  imparted  to  the 
blank  at  this  point  by  both  discs  is  the  same.  At  the  line  IT 
in  the  pass,  while  the  radius  //  of  one  disc  is  smaller  than  the 
common  radii  xx'  of  both  discs,  the  opi)osing  radius  ?/'  of  the 
other  disc  is  proportionately  greater  than  the  common  radii 
xx',  so  that  the  mean  effective  rotative  action  imparted  to  the 
blank  by  the  two  discs  at  the  line  YY  is  the  same  as  that 
imparted  to  it  at  the  line  XA'.-  or,  to  express  it  another  way, 
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tlie  circumferential  speed  of  the  disc  A  is  slower  at  its  radius  y 
than  at  its  radius  x,  and  consequently  its  rotative  action  on  the 
blank  is  slower  at  Y  than  it  is  at  X,  but  the  circumferential 
speed  of  the  other  disc  ^  at  its  opposing  radius  y'  is  as  much 
greater  than  at  .v'  as  y  is  slower  than  x,  so  that  the  mean  effec- 
tive rotative  action  upon  the  blank  of  the  smaller  and  larger 
radii  yy'  of  the  two  discs,  respectively,  is  the  same  as  that  of 
the  common  radii  xx'.  Consequently  that  portion  of  the  blank 
lying  within  the  grip  of  the  discs  at  the  line  J"i"is  rotated  at 
substantially  the  same  speed  as  that  portion  at  the  line  XX. 
As  this  condition  prevails  in  every  point  in  the  grips  of  the 
discs  between  the  lines  XX  and  YY,  a  larger  radius  and 
greater  circumferential  speed  of  one  disc  being  opposed  by  a 
smaller  radius  and  slower  circumferential  speed  of  the  other, 
there  is  practically  no  twisting  of  the  blank  within  the  grip  of 
the  discs  by  reason  of  one  portion  of  the  blank  being  rotated 
faster  than  another  portion.  There  might,  if  there  were  no 
slippage,  be  a  slight  difference  of  speed  of  rotation  of  portions 
of  the  blank  within  the  grip  of  the  rolls,  due  to  the  fact  that  the 
diameter  of  the  blank  is  slightly  smaller  at  A'X  than  it  is  at 
Y  Y,  but  owing  to  the  slippage  this  does  not  occur,  and  the 
blanks,  when  they  leave  the  pass  between  the  discs,  have  their 
fibres  substantially  straight  and  parallel  throughout.  This 
reduction  of  the  diameter  of  the  blank  between  the  lines  YY 
and  XX  is  not  intended  particularly  for  its  effect  in  compacting, 
working,  or  drawing  out  of  the  metal,  but  is  the  result  or  con- 
sequence of  the  contraction  in  the  width  of  the  pass  necessary 
to  give  the  discs  sufficient  grip  or  hold  upon  the  blank  to  force 
it  forward  upon  and  overcome  the  resistance  of  the  j^iercing 
mandrel. 

For  both  the  Mannesmann  and  Steifel  processes  steel  of  supe- 
rior quality  and  entirely  free  from  flaws  must  be  employed,  since 
the  action  of  the  process  is  such  as  to  tear  apart  any  particles 
or  fibres  which  were  not  perfectly  welded  in  the  original  billet ; 
the  process  itself  rejects  a  bad  grade  of  material  by  making  im- 
perfections apparent  to  the  eye. 

Third,  a  process  of  spinning  from  a  sheet  into  a  cup-shaped 
piece,  from  which,  by  cutting  off  the  closed  end,  a  hollow  tube  is 
produced  which  is  reduced  by  drawing  to  the  required  size  and 
diameter. 

Fourth,  a  process  by  means  of  which  a  tube   may  be   drawn 
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from  the  solid  billet  of  steel  after  a  hole  has  been  pierced 
through  the  billet.  The  principal  difficulty  with  this  process  is 
that  of  piercing  a  hole  through  the  centre  of  the  billet,  which  is 
done  when  in  a  semiplastic  state.  For  this  purpose  billets  are 
used  about  14  inches  in  length  and  4  inches  in  diameter ;  these, 
after  being  pierced,  are  converted  into  tubes  by  rolling  over  a 
mandrel  of  the  requisite  diameter  preparatory  to  cold  drawing. 

The  seamless  tube  which  forms  the  subject  of  the  article  is 
made  by  a  process  of  drawing  from  welded  steel  pipe.  The 
novelty  of  the  process  lies  entirely  in  the  machinery  employed 
in  drawing  and  in  cleaning  the  tubes  from  the  oxide  of  iron  before 
and  after  the  drawing  process.  All  other  processes  of  produc- 
ing tubing  require  the  use  of  high-grade  steel  in  order  to  pro- 
duce tubing  of  reliable  quality  and  with  strength  sufficient  to 
meet  the  requirements  of  use.  Swedish  billets  are  imported 
for  most  of  the  steel  tubing,  which,  for  the  last  few  months,  have, 
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Fig.  17S 


strange  to  say,  been  quoted  at  exactly  the  same  price  for  which 
the  finished  tubing  is  sold  for  at  retail.  The  tubes  manu- 
factured by  the  new  process  show,  as  results  of  the  tests  made, 
equal  if  not  superior  quality  in  every  respect  to  those  made 
from  imported  stock,  yet  they  are  made  from  American  steel 
costing  from  one-half  to  one-third  that  of  the  Swedish  billets. 

The  ordinary  process  of  drawing  is  accomplished  in  a  draw 
frame  as  shown  in  plan  in  Fig.178,  in  elevation  in  Fig.179,  and  with 
enlarged  view  of  drawhead  and  die  in  Fig.  180.  The  process  of 
drawling  is  accomplished  by  reducing  the  end  of  the  tube  so  that 
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it  will  pass  tlirougb  the  die  and  can  be  grasped  by  the  pulling 
drawhead  as  shown  at  ^4,  Fig.  180.  The  drawhead  is  made  to 
engage  with  a  travelling  chain  1),  and  thus  pulls  the  tube 
through  the  die  and  over  the  conical  mandrel  shown  at  J/,  Fig. 
180.    The   principal  novelty  of  the  machine  employed  by  the 


Carpenter 


plan  and  elevation  of  draw  heads 
Fig.  182. 


Tube  Company  in  the  improved  drawing  process  consists  in  the 
use  of  a  pushing  as  well  as  pulling  drawhead,  of  a  peculiarly 
shaped  die,  and  of  the  method  of  applying  power  to  move  the 
drawheads.  A  complete  drawing  of  the  machine  is  shown  in 
side  elevation  in  Fig.  181  and  in  end  elevation  in  Fig.  182.  The 
drawheads    are    shown  in    plan  and  elevation  in  Fig.  183,  and 
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Fuj.  183. 


consist  of  both  a  push  and  a  pull  head,  one  of  which  is 
located  on  either  side  of  the  die,  and  each  of  which  carries 
a  chuck  for  clasping  the  pipe  and  a  grip  b}-  means  of  which  it 
can  be  attached  to  or  detached  from  the  rope  used  for  moving 
the  drawheads.     The  pushing  drawhead  is  used  only  to  crowd 
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the  tube  tlirougli  the  die.  It  is  attached  to  the  tube  about  one 
foot  from  the  free  end  of  the  tube  and  in  sucli  a  manner  as  not 
to  interfere  in  any  way  with  the  free  motion  of  the  particles  of 
the  pipe  due  to  the  increase  in  length  in  the  drawing  process. 
Afte]-  the  tube  is  passed  through  the  die  it  is  caught  by  the 
pulling  drawliead  whioh  is  located  on  the  other  side  of  the 
die,  and  is  then  drawn  in  the  usual  manner  through  the  die ; 
simultaneously  with  the  attachment  of  the  pulling  drawhead 
the  pushing  drawhead  is  released.  The  construction  of  the 
pushing  drawd^ead  was  only  accomplished  as  a  result  of  numer- 
ous experiments,  and  it  was  believed  generally  by  those  familiar 
with  the  process  of  drawing  that  the  operation  of  pushing  the 
tube  into  the  die  was  impossible.  The  wse  of  the  pushing  die 
saves  all  work  of  preparation  of  the  ends  of  the  pipe  to  make 
them  enter  the  die  and  all  waste  due  to  the  production  of  bad 
and  ragged  ends  on  the  drawn  tube.  In  the  drawing  machine 
the  drawheads  are  moved  by  being  attached  to  a  rope  by  means 
of  a  grip  instead  of  being  pulled,  as  in  the  ordinary  process,  by  a 
chain.  Considerable  experimenting  was  required  in  order  to  pro- 
duce a  satisfactory  drawing  machine.  The  form  of  the  machine 
which  is  in  use  is  shown  in  drawnng  Fig.  178,  from  which  it  will 
be  noted  that  the  rope  R  for  the  draw  passes  beneath  the  draw 
frame  AB  and  is  made  to  take  three  wraps  around  two  grooved 
pulleys  C  and  D,  thence  over  an  inclined  idler  E,  which  returns 
the  rope  to  the  central  position  of  the  frame  ;  the  slack  of  the 
rope  is  taken  up  by  a  tightner  pulley  T,  of  the  usual  con- 
struction. The  machinery  of  each  drawing  frame  is  operated 
l^y  a  15  horse-power  induction  motor  K,  which  is  connected  by 
spur  and  screw  gearing  to  the  driving  pulley  of  the  rope  drive. 
The  starting  bar  for  the  motor  is  in  convenient  reach  of  the 
operator,  and  is  connected  so  that  the  motor  can  be  run  in 
either  direction  as  required.  Eopes  1;^  inches  in  diameter  are 
employed,  and  have  been  found  to  have  a  reasonable  life,  the 
cost  of  repairs  being  less  than  when  chains  are  used  for  a  simi- 
lar purpose.  The  practical  advantage  wdiich  the  rope  has  been 
found  to  possess  over  the  chain  for  drawing  purposes  is  due  to 
its  elasticity  and  stretch,  by  means  of  which  the  tube  is  drawn 
gradually  through  the  die,  and  there  is  an  entire  absence  of 
jerky  motion,  which  is  so  destructive  to  tubes  when  the  drawing 
is  performed  by  chains  or  other  rigid  material.  The  improve- 
ment on  the  character  of  the  stock  due  to  the  yielding  nature 
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of  the  pulling  meclianisin  is  decidedly  marked.  The  drawhead 
clutch  is  arranged  with  a  safety  opeiiing  device,  so  that  the 
clutch  would  be  released  if  by  any  means  the  drawheads  were 
carried  beyond  the  limit  of  safe  travel. 

The  method  of  cleaning  the  scale  from  the  tube  is  found  to 
have  an  important  influence  on  the  quality  of  the  tubing,  and 
has  been  one  of  the  most  diflicnlt  problems  to  solve  success- 
fully. The  use  of  the  ordinary  open  bath  with  8  to  10  per 
cent,  acid  Avas  found  to  injure  the  tubing  materially,  and  after 
extensive  experiments  a  more  satisfactory  process  of  cleaning 
was  discovered,  in  which  the  use  of  less  than  2  per  cent,  acid  is 
found  to  clean  successfully  a  rack  of  tubes  in  a  length  of  time 
not  exceeding  15  minutes.  These  good  results  are  due  to  the 
fact  that  the  tubes  are  immersed  in  a  vertical  position  with 
both  ends  open  and  in  such  a  manner  as  to  allow  a  free  and 
uninterrupted  circulation  of  the  liquid  of  the  bath. 

In  the  practical  operation  of  the  plant  the  tubes  to  be  drawn 
are  passed  in  succession  and  at  a  rate  of  24  feet  per  minute 
through  the  different  dies  until  they  have  reached  the  required 
diameter  and  gauge,  being  annealed  and  cleaned  after  making 
each  pass.  During  the  operation  of  drawing,  whenever  the 
length  of  the  drawn  tube  exceeds  from  18  to  20  feet,  it  is  im- 
mediately cut  into  lengths  of  9  to  10  feet,  and  the  process  of 
drawing  continued.  At  present  the  original  tube  before  the 
drawing  begins,  which  is  employed  for  bicycle  tubing,  is  If  inches 
external  diameter. 

A  general  view  of  the  drawing-room  is  shown  in  Fig.  184,  from 
which  it  will  be  noticed  that  there  is  an  entire  absence  of  over- 
head shafting  or  of  moving  machinery  of  any  kind,  except  that 
connected  to  the  draw  benches.  An  observer  would  also  be 
struck  with  the  cleanliness  of  the  room  and  of  the  dress  of  the 
workmen  and  of  the  entire  absence  of  grease  or  oil  on  the  floor. 
This  latter  result  is  obtained  by  immersing  the  tubes,  before 
each  ]3rocess  of  drawing,  in  a  hot  bath  of  greasy  material,  which, 
when  cooled  to  the  ordinary  working  temperature,  has  the  con- 
sistency of  wax  or  varnish,  which  adheres  to  the  tubing  in  a 
very  thin  coat,  and,  although  sufficient  to  lubricate  the  dies,  is  in- 
sufficient to  fly  oflf  and  cover  the  floor  and  working  machinery 
with  layers  of  grease. 

The  annealing  is  done  in  a  natural  gas  furnace,  the  tubes 
being  moved  by  automatic  machinery  at  a  rate  just  sufficient  to 
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anneal  the  tubes  with  one  passage  through  the  furnace.  The 
unannealed  tubes,  while  harder  then  the  annealed,  were  found, 
as  will  bo  shown  by  the  tests  later,  to  have  considerable  elas- 
ticity and  to  be  of  quite  uniform  quality. 

The  building  is  a  model  Avorkshop  of  its  kind,  and  was  de- 
signed by  P.  J.  Fickinger. 

It  is  provided  with  both  side  and  roof  lights,  the  roof  windows 
being  arranged  in  such  a  manner  that  the  saslies  are  vertical  and 
the  liglit  enters  from  the  north,  thus  giving  the  shop  light  with- 
out any  of  the  glare  of  direct  sunlight,  and  rendering  the  use 
of  shades  unnecessary. 

Tests  of  the  Drawn  Tubing. 

Tests  of  a  number  of  samples  of  the  McCool  tubes  were  made 
in  the  laboratory  of  Sibley  College,   Coruell  Universit3\     The 


Fig.  185. 

tests  undertaken  were  sucli  as  would  bring  out  the  weakness,  if 
any  existed,  due  to  the  use  of  the  welded  joint  in  the  original 
stock. 

Transverse  Tests. — Test  No.  2,  gauge  18,  annealed,  external 
diameter  0  875  inch,  internal  diameter  0.785,  was  carried  on 
supports  18  inches  apart  ;  it  supported  a  centre  load  at  elastic 
limit  340  pounds,  at  yield  point  of  370  pounds,  and  at  maximum 
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First. — Tknsii,e  Strength. 


External 
Diameter. 

Inches. 

Intkunai> 
Diameter. 

Inches. 

Load  per  Square  Inch. 

Reduction 
Area. 

Per  Cent. 

Elonga- 
tion. 

Of  Tube. 

Elastic 
Limit. 

Maximum. 

Per  Cent. 

No.  90. 

Orifrinal 

No.  7. 

Annealed 

No.  3. 

Annealed 

No.  1. 
Unannealed. . .  . 

1.176 
1.002 
0.749 
0.753 

1.472 
0.880 
0.692 
0.688 

36,700 
41,700 
70,200 
93,100 

60,000 
64,400 
91,600 
94,700 

52 
36 
14 

12 

20 

Second. — Tests  of  the  Tubes  in  Torsion. 


Diameter. 

Moment  of  Torsion 
Inch,  Lbs. 

Shearing  Stress 
PER  Square  Inch. 

Modulus 

External. 

Internal. 

Elastic 
Limit. 

Maxi- 
mum. 

Elastic 
Limit. 

Maximum. 

Rigidity. 

No.  4. 

Unannealed.. 
No.  60. 
Annealed  . . . 
No.  5. 
Annealed  . . . 

0.874 
1.248 
1.00 

0.778 
1.184 
0.880 

1,900 
2,800 
2,800 

2,870 
3,200 
3,100 

39,600 
37,000 
32,500 

60,000 
42,000 
38,800 

10,800,000 
11,500,000 
11,400,000 

Rupture  of  No.  60  began  at  a  slight  dent  in  the  tube. 

Tube  No.  7,  extension  was  measured  for  8  inches  in  length  and  was  equal  to  1.1  inches.  Maxi- 
mum load  sustained  11,600  pounds. 

strength,    of   880   pounds,  the  latter   load   corresponding   to  a 
calculated  fibre  stress  of  72,200  pounds  per  square  inch. 

Endurance  Tests. — A  number  of  tests  were  conducted  by- 
mounting  the  tube  so  it  would  be  supjDorted  between  the 
centres  of  a  lathe,  in  such  a  manner  as  to  be  free  to  deflect 
and  yet  could  be  rotated  at  any  desired  rate  of  sj^eed.  A 
bushing  or  washer  was  carried  by  the  tube  at  the  centre,  and 
this  was  fixed  so  as  to  rotate  with  the  tube  and  support  a  load 
resting  on  rollers.  The  method  of  arranging  for  this  test  is 
shown  in  Fig.  185.  Especial  care  has  to  be  exercised  that  the 
rollers  freely  revolve  and  that  the  bushing  does  not  turn  on  the 
tube.  The  centre  load  was  selected  so  as  to  produce  a  fibre 
stress  equal  to  GO  to  90  per  cent,  of  that  at  the  elastic  limit  of 
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the  tubing.  By  consulting  the  table  it  will  be  noted  that  the 
loads  taken  were  such  as  to  produce  stress  respectively  of  58,000> 
50,000,  and  40,000  pounds  per  square  inch  in  the  outer  fibre. 
The  number  of  revolutions  made  by  the  tube  when  loaded  in 
that  manner  was  denoted  by  a  continuous  counter,  connected 
so  that  it  would  not  register  after  rupture  took  place.  The 
number  of  reversions  of  loading  would  equal  twice  the  num- 
ber of  revolutions.  The  following  table  gives  the  results  of 
this  test : 


Name  of  Tube 

OU  M.^KEIi. 

Diameter  Inches. 

Centre 
Load. 
Lbs. 

Stress 

in 
Outer 
Fibre. 
Lbs.  per 
Sq.  In. 

Deflec- 
tion at 
Centre. 
In. 

Revolutions. 

No. 

OP 

Test. 

6 

6 
O 

to 
a 

Per  Min. 

TotaL 

R.  1 
R.  !ii 
R.4 
R.  5 
R.  7 
R.  8 
H  9 

McCool,  annealed.. 
"        unannealed 

Unannea]ed 

Annealed 

0.691 
0.687 
0.789 
0.750 
1.069 
1.069 
1.068 
1.186 
0.780 
0.810 
0.803 
0.7U1 

0.749 
0.751 
0.873 
0.686 
1.125 
1.125 
1 .  125 
1.250 
0.875 
0.884 
0.875 
0.875 

21 

21 

21 

21 

21.7 

21.7 

21.7 

21.7 

21.7 

21 

21 

21.7 

128 

128.5 

240.5 

113 

280 

242 

242 

348 

179 

218.5 

212 

168 

59600 
54500 
58000 
50000 
58000 
50000 
50000 
50000 
40000 
57600 
58000 
40000 

0.24 

0.20 

0.17 

0.175 

0.15 

0.10 

0.10 

0.10 

44  to  230 

230 

300 
300  to  400 
300  to  400 
300  to  400 
300  to  400 

39638 
79826 
77098 
211232 
14752 
92230 
20534 

R   11 

25942 

R.  12 
M. .. 

Unannealed 

Annealed 

82154 

0.13 

.19 

0.12 

230 

230 

300  to  400 

13214 

N... 

25036 

P.  .. 

"         in  oil. .  .  . 

46498 

Remarks : 

R.  1 .  Stood  under  load  over  night. 

P.  Flew  out  of  lathe  and  across  the  room  when  it  broke. 

R.  7.  The  first  deflection  \v;is  0.10.  The  tube  vil)rated  until  about  4,000  revolutions,  when  it 
became  steady,  and  the  detlecti!):i  was  0.1.5. 

R.  11.  Centre  load  of  :i'A)  pounds  makes  a  decided  set. 

R.  18.  This  load  is  about  5  that  of  elastic  limit. 

M.  Tube  made  by  Mannesmann  pioces,*. 

N.  Tul)e  made  by  punching  original  ingot  and  drawing. 

P.  Tulie  made  by  spinning  and  drawing  process. 

The  general  appearance  of  the  fractured  specimens  is  shown 
in  Fig.  186,  those  marked  4, 5,  8,  and  40  respectively  being  broken 
in  torsion,  those  marked  7  and  90  being  broken  in  tension,  and 
the  remainder  in  the  endurance  tests. 

Bursting  Test. 

Several  bursting  tests  of  tubes  were  made  by  clamping  the 
tube  endwise  between  two  metallic  heads,  one  of  which  was 
perforated  and  connected  by  small  tubing  to  a  pressure  pump. 
After  applying  pressure  of  about  5,000  pounds  per  square  inch 
the  tubes  in  most  cases  were  deflected  from  a  vertical  line  and  the 
test  had  to  be  discontinued.     In  order  to  successfully  continue 
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the  hnrstintj;  test,  a  support  or  brace  was  placed  at  the  centre 
of  the  tube,  aud  the  tube  was  also  reduced  in  length  from  30 
to  10  inches. 

The  tube  which  bnrsted  had  an  external  diameter  of  1.254 


Fig.  186. 


inches,  and  an  internal  diameter  of  1.202  inches,  a  thickness  of 
0.026  inch,  corresponding  to  a  gauge  of  between  22  and  23.  The 
tube  burst  about  3  inches  from  the  top  with  an  internal  pressure 
of  4,700  jiounds  to  the  square  inch,  which  corresponded  to  a 
tearing  stress  per  square  inch  of  108,642  pounds.  It  did  not 
burst  in  a  weld.  The  external  diameter  was  increased  about 
one-sixteenth  of  an  inch,  by  the  internal  pressure  ;  a  view  of 
the  tubing  is  shown  in  Fig.  187. 

The  results  of  the  previous  experiments  referred  to  indicated 
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that  a  tearing  stress,  equivalent  to  80,000  pounds  per  square  inch, 
coukl  be  applied  witliout  rupturing  the  metal.  Mr.  Fiehinger 
in  a  previous   test   applied   a   tearing   stress    equal   to   70,000 


Fig.  is: 


pounds  2:>er  square  inch  without  sensibly  increasing  the  diame- 
ter of  the  tube. 


Fig.  188. 
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Crxsh JiKj  Sfi't' Ill/Ill . 
Several    specimens  were   tested   by   crushing   in  tlio   testing 
machine.     'I'he  tendency  of  most  of  tlio  pieces,  wlien  failing  in 
compression,  was  to  make  a  succession  of  folds  forming  regular 


Fig.  189. 

rings,  as  illustrated  in  Fig.  188.    These  rings  were  formed  with- 
out splitting  or  tearing  of  the  metal  in  any  way. 

The  general  results  of  the  various  crushing  tests  are  given  in 
the  appended  table,  and  the  appearance  of  the  specimens  after 
being  crushed  is  shown  in  Figs.  188  and  189. 

Results  of  Crushing  Tests. 


External 

Thickness. 

Ap- 

Cp.ushing 

No 

Diameter. 

proxi- 

Length. 

Load. 

Remarks. 

mate 

Inches. 

Inches. 

Gauge. 

Inches. 

Pounds. 

0 

1.75 

0.026 

23 

lit 

7,600 

Sliown  in  Fig  14. 

1 

1.125 

0.029 

22 

2 

5.000 

15. 

2 

1.25 

0.028 

22 

2 

5,000 

8 

1.1 25 

0.035 

20 

2 

6,000 

4 

1.0 

0.042 

19 

2 

7,000 

5 

0.875 

0.048 

18 

2 

8,000 

6 

1.125 

0.028 

22 

2 

5,000 
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The  specific  gravity  of  a  numbei*  of  the  tubes  was  taken,  and 
the  results  are  given  in  the  foHowing  table.  It  will  be  noted 
that  the  variation  in  specific  gravity  is  very  small,  but  that  in 
general  the  annealed  are  slightly  heavier  than  the  unannealed. 

Specific  Gravity  Tests,  May  3,  1898. 


Name  op  Tube. 


McCool  (M — 1),  annealed  . . . 

"       (M — 2),  annealed  . . . 

"       (M— 3),  unannealed. 

Tuhe  M 

Tube  N..^ 

Pope  A,  annealed 

Pope  B,  oil  tempered 

Original  tube,  McCool  process 


Dimension. 

Weight.— Pou 

NDS. 

V 

6 

a; 
s 

< 

1 

O 

4) 

fi 

H 

O 

a 

c 

a 

1.25 

0.026 

23 

0.1110 

0.09685 

0.01415 

0.875 

0.0475 

18 

0.15558 

0.13571 

0.01987 

0.750 

0.034 

21 

0.09057 

0.07890 

0.01167 

0.884 

0.037 

20 

0.13224 

0.11523 

0.01701 

0.875 

0.036 

20 

0.1154 

0.10073 

0.01477 

0.875 

0.042 

19 

0.12162 

0.10610 

0.01552 

0.875 

0.033 

21 

0.11035 

0.09618 

0.01417 

1.75 

0.143 

0.28265 

0.2465 

0.03643 

7  83 
7.83 
7.76 

7.77 
7.81 
7.83 
7.78 
7.83 


DISCUSSION. 

Prof.  It.  C.  Caiyenter. — I  would  like  to  add  in  regard  to  the 
method  of  making  the  endurance  test,  what  I  should  have  stated 
in  the  paper,  viz. :  that  the  apparatus  which  Avas  used  for  making 
this  test  was  modelled  closely — and  finally,  before  using  it,  was 
copied  almost  exactly — from  the  tlrawings  of  the  machine  used  at 
the  AVatertown  Arsenal  for  this  purpose.  It  is  not  a  particularly 
excellent  design.  I  think  Mr.  Ilenning  can  help  us  out  very 
much  by  describing  better  methods  of  performing  tliis. 

In  regard  to  the  compression  test,  there  were  some  results  which 
seemed  to  me  very  remarkable,  since  in  my  previous  experi- 
ments I  had  never  obtained  such  results  in  crushing  pieces  of  the 
tubes  which  were  cut  from  the  annealed  tubes  at  random — this 
was  originally  If  or  1|  inches  in  length — I  cannot  tell  exactly  with- 
out looking  it  up — and  simply  pressed  between  the  two  heads  of 
the  machine  and  crushed  down,  and  there  was  a  tendency  for  prac- 
tically all  of  the  pieces  to  curl  up  into  this  form.  Some  of  them 
crushed  a  few  inches  and  moved  off  on  one  side.  That  was  no 
doubt  due  to  the  imperfection  of  the  machine  in  which  the  opera- 
tion was  performed. 

Mr.  Henry  Souther.— ThQ  description  of  the  McCool  process  of 
making  tubing  is  especially  interesting,  and  notably  so  in  connec- 
50 
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tion  Avilh  nieeluinical  o|)emtions  and  feuLurcs.  It  seems,  however, 
to  me  that  it  is  a  mistake  to  call  tubing  made  by  this  process 
seamless.  It  is  admitted  by  the  writers  that  the  tubing  originally 
is  welded  in  precisely  the  same  manner  as  ordinary  gas  pipe 
made  b}'  lap-welding  or  butt-welding. 

Such  tubing  has  quite  as  much  right  to  be  called  seamless  as  it 
would  after  having  been  put  through  the  McCool  process,  inas- 
much as  if  the  weld  during  hot-working  was  not  absolutely  per- 
fect it  would  not  be  made  so  by  anything  which  is  done  to  it  dur- 
ing the  McCool  operations. 

I  tliink  that  no  competent  metallurgist  would  claim  that  an 
imperfect  weld  would  become  perfect  during  any  form  of  cold- 
working.  It  is  a  well-known  fact  that  flaws  in  the  seam  develop 
during  the  testing  of  large  quantities  of  ordinary  welded  pipe. 
It  is  quite  possible  that  none  of  the  specimens  tested  in  connection 
with  this  paper  showed  any  signs  of  a  joint,  and  yet  it  is  also 
quite  possible  that  in  testing  and  manufacturing  large  quantities 
quite  as  many  flaws  would  develop  as  if  the  tubes  had  never  been 
cold-drawn  after  weldino^. 

It  is  evident  that  much  depends  upon  the  thoroughness  of  the 
weld  in  connection  with  the  McCool  process.  High  carbons  do 
not  weld  as  well  as  low  carbons.  It  therefore  seems  as  thouch 
what  is  becoming  to  be  considered  really  strong  steel,  especially 
suitable  for  the  resisting  of  vibratory  strains,  cannot  be  as  safely 
used  in  connection  Avith  this  process  as  it  can  in  connection  with 
vai'ious  other  processes  described. 

In  regard  to  the  quality  of  steel  used,  there  seems  to  be  a  cer- 
tain contradiction  upon  the  first  page  of  the  paper  and,  again,  later. 
The  paper  says  "  The  seamless  tubing  to  be  described  is  made  by 
a  process  of  drawing  from  a  superior  quality  of  steel  pipe."  The 
analysis  of  the  pipe  given  at  the  bottom  of  the  page  in  a  foot-note 
is  very  far  from  being  of  superior  quality  even  for  steel  pipe. 
Again,  on  page  759,  appears  the  following  sentence  :  ''All  other 
processes  of  producing  tubing  require  the  use  of  high-grade  steel 
in  order  to  produce  tubing  of  reliable  quality  and  with  strength 
sufficient  to  meet  the  requirements  of  use."  This  is  certainly  not 
true  as  stated.  There  are  various  processes  for  producing  tubing 
of  fair  qualit}"  from  comparatively  poor  stock.  In  fact,  a  great 
deal  of  tubing  commonly  used,  when  analyzed,  is  not  one  bit  better 
than  that  shown  by  the  analysis  given  in  this  paper,  poor  as  it  is, 
which  is  certainly  a  proof  that  the  McCool  process  is  not  an  abso- 
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lute  necessity  to  allow  of  the  use  of  inferior  steel.  The  descrip- 
tions of  the  methods  of  ])roducing  seamless  tubing- are  exceedingly 
lucid,  and  should  be  read  by  those  unfamiliar  with  the  tube  busi- 
ness, as  they  give  as  clear  an  idea  of  the  processes  as  any  descrip- 
tion I  have  had  the  good  fortune  to  come  across.  There  is  little 
to  be  said  about  the  first  process  mentioned,  that  of  uniting  the 
edges  of  a  rolled-up  strip  by  welding  or  brazing.  All  authentic 
tests  of  such  tubing  which  have  come  to  my  notice  have  developed 
fractures  at  the  joint  in  every  case  soon  after  passing  the  elastic 
limit. 

This  ought  to  be  expected  in  the  case  of  brazed  tubing,  inas- 
much as  tiie  moduli  of  elasticity  of  brass  and  steel  differ  so 
greatly.  The  process  is  hardly  more  than  a  makeshift  to  produce, 
at  the  sacrifice  of  reliability,  a  low-cost,  nicely  finished  tube. 

The  tlescriptions  of  the  Mannesmann  and  Steifel  processes  are 
very  clear  and  interesting.  That  these  processes  develop  any 
flaws  which  existed  in  the  original  steel  would  be  a  recommenda- 
tion, if  it  were  a  fact,  but  I  very  much  tloubt  whether  flaws  are  so 
detected.  On  the  contrary,  these  methods  are  likely  to  weld  and 
close  any  flaws  or  blow-holes  that  may  have  existed,  inasmuch  as 
the  temperature  of  working  is  very  high,  and  welding  may  take 
place  during  the  first  moments  of  the  operation.  Cold- working, 
however,  whatever  the  preceding  process,  certainly  does  expose 
flaws  and  defects,  and  this  is  one  of  the  advantages  gained  by  the 
method.  I  have  seen  a  considerable  amount  of  tubing  made  by 
both  of  these  processes  which  was  not  of  the  best  matei'ial. 

In  the  third  process  described,  the  expression  "spinning  from  a 
sheet"  is  used.  Spinning  may  be  resorted  to  sometimes,  but  the 
first  operation  as  actually  practised  is  nearly  alwa3^s  one  of  cup- 
ping by  the  direct  thrust  of  a  cup-shaped  punch  through  a  die, 
this  being  continued  with  smaller  and  smaller  punches  until  the 
tube  is  long  enough  to  have  the  end  cut  off. 

In  describing  the  fourth  process  the  writers  have  neglected  to 
mention  that,  in  addition  to  piercing  the  billet  hot,  drilling  is 
resorted  to  quite  as  often,  and,  in  fact,  is  one  of  the  favorite  metii- 
ods  used  in  England,  and  has  been  for  over  fifty  years. 

The  use  of  a  pushing  draw-head  for  entering  the  tube  into  the 
die  is  one  that  I  would  hardly  have  expected  to  prove  successful, 
at  least  after  the  tube  had  become  rather  small  in  diameter  and 
at  the  same  time  thin — for  instance,  for  such  sizes  as  are  used  for 
bicycle  construction. 
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It  is  ]x\rticul;irly  unfortunate  that  pickling  has  to  be  resorted  to, 
as  the  bad  effect  of  the  pickle  referred  to  on  page  703  of  the  paper 
is  only  too  well  known,  and  j)robably  causes  a  greater  deteriora- 
tion in  tubing  than  could  be  overcome  by  any  method  of  manu- 
facture. If  it  is  avoided  entirely  the  product  is  sure  to  be  the 
better  for  it. 

On  page  763  the  amount  of  acid  in  connection  with  pickling  is 
mentioned  as  being  ver}'  small,  namely,  2  per  cent.  I  would  like 
to  state  in  connection  with  this  that  less  than  1  per  cent,  is  now 
the  common  practice  of  most  tube  and  wire  drawers,  and  that 
the  standing^  of  the  tubes  on  end  and  causing  the  water  to  be 
forced  up  through  them  at  a  very  rapid  rate  has  long  been  com- 
mon practice  for  the  purpose  of  hastening  the  action  of  the  pickle. 

The  data  given  in  connection  with  the  tests  are  so  indefinite, 
particularly  as  regards  the  condition  in  which  the  tubes  were 
when  tested,  that  intelligent  discussion  is  not  possible.  The  terms 
"annealed,"  " unannealed,"  "annealed  in  oil,"  and  "original," 
which  are  used,  furnish  no  information  which  would  allow  one  to 
make  a  series  of  tests  with  the  hope  of  getting  another  set  of 
specimens  into  approximately  the  same  condition  for  comparison. 

For  about  four  j^ears  we  have  been  working  in  our  laboratory 
upon  the  tests  of  material  with  the  promoter  and  testing  machine 
side  by  side.  We  have  found  without  question  that  the  term 
"  annealed,"  as  ordinarily  used,  that  is,  the  relieving  of  internal 
strains,  is  about  as  indefinite  a  term  as  exists  in  connection  with 
the  testing  of  materials.  We  have  demonstrated  without  a 
question  that,  by  varying  the  temperature  and  time  of  anneal, 
the  elastic  limit  of  a  given  piece  of  steel  may  be  varied  from 
30,000  to  60,000  pounds  per  square  inch.  We  are  also  obtaining 
data  which  point  toward  the  fact  that  a  given  steel  annealed  at 
its  point  of  recalescence  is  in  its  very  best  condition  for  com- 
bined streno^th  and  toughness  and  refinement  of  grain. 

In  referring  to  unannealed  specimens  the  writers  of  this  paper 
undoubtedly  mean  tubes  as  taken  from  the  draw-benches  after 
cold-drawing.  The  degree  of  cold-drawing  is  not  mentioned,  and 
in  fact  it  is  extremely  difficult  to  cold-draw  two  tubes  not  drawn 
through  the  same  dies  and  reproduce  a  condition.  From  the 
results  of  some  of  the  tensile  tests,  particularly  specimen  ITo.  1,  it 
is  evident  that  the  tubing  was  exceeding^  hard  drawn. 

The  elastic  limit  of  these  cold-drawn  specimens  is  given  with 
a  great  deal  of  certainty  as  to  its  location  ;  and  I  would  like  to  say 
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that  information  as  to  just  bow  this  point  of  elastic  limit  is  located 
with  any  exactitiule  would  be  of  much  value  to  me  and,  probably, 
many  others  who  are  testing  cold-drawn  material.  It  is  my  ex- 
perience, with  all  the  data  obtainable,  that  the  stress  diagram  of 
a  tensile  test  is  such  a  gradual  and  uniform  curve  from  the  begin- 
ning to  the  end  that  no  one  point  can  l)e  found  at  which  it  can  be 
certainly  stated  there  is  evidence  of  an  elastic  limit.  The  more 
severe  the  drawing,  the  more  is  this  true.  A  mild-drawn  speci- 
men sometimes  shows  a  yield  point  which  can  be  located  with 
a  fair  amount  of  certainty,  but  a  hard-drawn  specimen  never 
does. 

The  terra  ''annealed  in  oil"  is  extremely  indefinite,  no  data 
being  given  as  to  the  original  quenching  temperature  or  the  tem- 
perature of  the  oil  in  which  the  specimen  was  annealed. 

As  a  matter  of  fact,  I  think  that  the  Society  should  not  accept 
records  of  tests  of  Avhich  the  full  data  are  not  given,  especially  as 
to  the  condition  of  the  specimen  tested.  Without  the  fullest  of 
data  in  this  respect,  the  results  of  the  tests  are  of  little  use. 

Mr.  Giis.  C.  Ilemnng.—l  would  merely  like  to  call  attention  to 
the  tests  which  were  made,  because  they  illustrate  a  principle  very 
beautifully,  and  I  think  that  those  tests  would  have  been  still  more 
beautifulif  the  machine  used  for  |)roducing  them  had  been  more 
perfect  itself,  because   it  deJDends   mainly  on  the  action   of   the 
machine.     If  a  column  of  ductile  material  or  even  of  cast  iron  be 
placed  between  two  heads  and  vertical  pressure  applied,  the  first 
change  of  shape  will  be  a  single  bend  ;  the  second  will  be  the  re- 
verse, and  then  suddenly  in  an  infinitely  small  space  of  time  you 
will  see  the  column  change  into  the  S-shape.     It  goes  like  a  flash 
from  the  one  shape  into  the  other.     Ultimately  the  cast  iron  can 
be  made  to  take  a  curve  which  has  reverse  curves  at  each  end,  pro- 
vided the  machine  is  rigid  and  the  heads  cannot  move  in  either 
direction.     Now,  the  short  specimens  did  not  allow  much  motion 
in  the  machine,  of  course,  but  these  other  tubes,  that  one  especially, 
show  it  distinctly.     Here  are  two  rings  formed  very  nicely,  and  a 
third  ring  began  to  form,  and,  where  the  folds  are,  the  head  is  sim- 
ply twisted  a  little  bit  to  one  side,  and  there  was  a  transverse  in- 
stead of  a  compression  test.     These  folds  occur  one  after  another, 
as  is  well  known,  from  mathematical  reasons.     Let  us  take  these 
in  series.     The  head  held  one  end  of  the  tube  or  the  end,  and 
these  ends  cannot  change  much,  but  between  them  is  a  weak  point, 
and  that  first  weak  point  generally  occurs  somewhere  near  one 
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support  or  the  othei',  depending  upon  tlie"|)erfect  iKjlding  of  the 
end.  ( )ne  end  was  hehl  Ijetter  tlian  the  other,  and  tlierel'ore  tlie 
folds  were  more  uniforndv  distributed  over  it,  and  the  foldinij:  oc- 
curred,  as  shown.  The  other  head  whi(;h  l)oi'e  on  the  tube  did  not 
offer  a  gootl  sup[)ort.  Therefore  the  uniformity  was  distributed 
on  the  lower  Jiead.  Tiie  first  thing  that  will  happen  will  be  to 
extend  a  little,  just  as  is  seen  at  the  irregular  pai't,  and  then  im- 
mediately thereafter  tiiere  will  be  flexure,  and  this  irregularity  will 
form.  If  the  test  had  stopped,  you  would  have  had  a  fold  prob- 
ably something  like  that  shown  in  the  other  samples.  You  can 
keep  on  testing  as  long  as  you  keep  the  heads  centrally  over  the 
axis,  the  material  beino- uniform  of  course.  You  can  increase  these 
folds  until  you  find  a  point  in  the  tube  where  there  is  a  defect ;  and 
this  is  actually  used,  as  I  am  told,  for  testing  tubes,  even  heavy 
tubes,  in  Berlin,  where  Professor  Martens,  with  his  carefully  ad- 
justed machines,  uses  the  number  of  folds  ami  the  time  of  folds  in 
regard  to  the  evaluation  of  the  uniformitv  of  the  material  in  the 
tubes.  Of  course  this  material  shows  the  behavior  of  it.  Under 
these  conditions  it  shows  that  it  is  wonderfully  uniform,  and  I 
think  that  is  really  remarkable.  It  shows  that  the  weld  is  entirely 
obliterated  by  the  subsequent  work,  and  that  it  is  not  a  defect  in 
any  sense,  and,  judging  from  the  samples,  if  the  same  care  were 
devoted,  larger  tubes  could  be  made  with  the  same  satisfactory 
results. 

Mr.  C.  TT.  Baker. — In  the  description  of  the  Steifel  process 
given  in  this  paper  the  impression  is  given  that  the  Steifel  process 
has  an  advantage  over  the  Mannesmann  process  in  that  it  avoids 
the  spiral  arrangement  of  the  fibres  which  exists  in  tubes  made  by 
the  Mannesmann  process. 

This  spiral  arrangement  of  the  fibres  of  the  tube  has  been 
claimed  to  ])e  one  of  the  important  merits  of  the  Mannesmann 
process;  and  I  think  most  engineers  have  accepted  it  as  sound 
reasoning,  at  least  for  pipe  subjected  to  internal  pressure,  although 
it  might  not  prove  an  advantage  where  a  pipe  was  to  be  sub- 
jected to  transverse  strains.  It  would  be  interesting  to  know 
whether  there  is  any  real  objection  to  the  Mannesmann  tube  on 
account  of  the  spiral  arrangement  of  its  fibres. 

Professor  Carpeiiter. — In  regard  to  the  elastic  limit  I  will  take 
verv  great  pleasure  in  putting  in  curves  showing  the  extension  of 
the  material,  and  I  think  you  will  see  that  the  elastic  limit  is  very 
well  detined  indeed  in  the  material. 
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In  regard  to  the  statement  that  the  Mannesmann  process  liunts 
up  defects,  I  would  say  that  this  information  was  obtained  from  a 
description  written  by  a  prominent  employee  in  the  Mannesmann 
factory.  That  view  is  evidently  the  impression  of  the  men  who 
are  using  the  Mannesmann  process. 

Mr.  Souther. — Perhaps  1  can  try  to  answer  that  question  in  re- 
gard to  the  spiral  structure  of  the  Mannesmann  tube.  It  may 
possibly  exist  in  the  early  stages.  After  drawing  the  billet  and 
after  thorough  annealing  I  have  failed  to  find  it  in  the  micro- 
structure  or  by  any  tests  I  have  been  able  to  devise.  After  the 
many  annealings  that  take  place  during  the  process  of  drawing 
the  finished  tube,  I  certainly  have  not  been  able  to  find  anv  spiral 
structure,  and  I  have  had  some  of  the  best  experts  on  micro- 
structure  at  worlv  oh  it. 

Mr.  P.  J.  Fic/iinger.^ — It  may  not  be  out  of  place  to  state 
that  the  object  of  this  paper  was  not,  as  would  appear  from  the 
discussion,  a  commercial  one.  but  one  that  would  be  of  interest  to 
this  Society,  inasmuch  as  there  has  ncjt  appeared  in  the  transac- 
tions any  descrij)tion  of  the  Mannesmann  or  kindred  methods  of 
tube-making.  And  to  describe  all  methods  that  have  been  re- 
sorted to  to  produce  tubes  of  a  satisfactory  nature  would  require 
a  large  volume. 

Any  one  wishing  to  give  the  subject  anv  particular  study  will 
find  Edw.  C.  II.  Marks's  '•  Treatise  on  Iron  and  Steel  Tubes  " 
quite  valuable.  You  will  note  that  this  paper  says  the  tubing  is 
seamless  in  the  sense  that  no  indication  of  the  weld  which  existed 
in  the  original  stock  before  drawing  is  visible  in  the  finished  prod- 
uct, nor  could  its  position  be  ascertained  when  the  samples  were 
tested  to  destruction. 

The  writer  was  instructed  to  select  a  fair  set  of  samples  to- 
gether with  a  piece  of  original  stock  (hence  the  indefinite  term 
"original"  in  the  report  of  tests)  and  take  it  to  Sibley  College 
and  have  it  tested.  The  results  were  so  much  superior  to  expec- 
tations that  on  returning  I  selected  a  much  larger  number  of 
samples  and  forwarded  them  to  Professor  Carpenter  also,  with 
the  results  that  are  before  you,  and  judging  from  tests  and  re- 
quirements of  users,  feel  justifiable  in  saying  to  any  one  doubtful 
regarding  the  seamless  nature  of  this  product,  to  find  the  seam. 

Regarding  the   analysis  of   the  steel  employed,  will    say  we 

*  Author's  closure,  under  the  Rules. 
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have  never  had  it  tested,  but  making  inqniiy  from  two  different 
sources,  have  received,  viz.:  Oliver  Steel  Co. — carbon  .08-.10,  man. 
0.45,  pho.  .09-10,  sil.  .009;  Carnegie  Steel  Co.,  carbon  .10,  man. 
.30-.40,  phos.  and  sulphur  under  .04.  "When  we  purchase  the 
billets  we  require  that  it  shall  answer  our  purpose,  and  leave  the 
mill  the  responsibility  of  production. 

When  people  buy  tubing  they  require  that  they  shall  stand  their 
methods  of  construction.  They  are  not  buying  the  analysis ;  it  is 
results  they  want. 

That  the  tubing  stands  the  vibratory  strains,  the  results  seem  to 
indicate.  That  it  is  as  good  or  better  than  some  so-called  high-car- 
bon nickel-steel,  or  oil-annealed  samples  the  gentleman  alludes  to 
as  being  so  indefinite,  I  might  sav  that  I  presume  he  can  tell  more 
regarding  that  special  tube. 

The  term  annealed,  I  will  agree,  is  quite  indefinite,  and  would 
be  glad  to  substitute  a  better  one.  It  means  in  this  paper  just 
what  the  gentleman  understands — i.  e.^  relieving  the  tubes  of 
strains  due  to  cold-drawing. 

That  the  Mannesmann  system  welds  up  the  defects  and  does 
not  give  to  the  particles  composing  the  tube  a  spiral  direction, 
is  new  to  me.  What  samples  of  Mannesmann  tubes  I  have  seen 
tested  indicate  that  it  does. 

Regarding  Steifel's  process,  patent  ]S'o.  23,702  reads  :  "  Ta 
pierce  metallic  blanks  or  billets  in  a  heated  state  without  subject- 
ing them  to  a  torsional  strain  or  materially  disturbing  the  longi- 
tudinal arrang-ement  of  the  fibres  of  the  metal." 

Reo-ardinff  the  amount  of  acid  for  cleaning,  I  am  aware  that 
i  of  1  per  cent,  will  clean  metal  surfaces,  but  not  rapidly  enough. 
I  have  been  in  close  touch  with  the  wire  business  for  the  past  ten 
years,  and  can  say  that  the  average  practice  is  nearer  6  per  cent, 
than  anything  else  ;  the  liquor  being  kept  hot  and  subjecting  the 
metal  to  the  action  a  shorter  time. 

The  pushing  head  is  in  operation  at  the  ]VIcCool  Tube  Co.'s 
works,  producing  tubes  down  to  \  inch  diameter  by  24  gauge. 

Mr.  Henning's  remarks  are  very  instructive  and  interesting, 
and,  coming  from  recognized  authority,  are  gratifying  in  the 
extreme. 

Prof.  R.  C.  Carpenter.^ — Mr.  Souther  raises  the  question  as  to 
the  value  of  the  tests  given,  from  the  fact  that  a  full  history  of  the 

*Autlior's  closuer,  under  the  Rules. 
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method  of  manufacture  of  the  steel  employed  cannot  be  stated,  and 
also  that  there  is  doubt  respectint^  the  exact  composition  of  the  steel. 
It  is  certainly  worth  considering  wiiether  or  not  tliis  objection  is 
a  valid  one.  As  I  understand  the  point  made  by  Mr,  Souther,  he 
considers  that  there  is  (juestion  regarding  the  uniformity  of 
products  pi'oduced  in  this  manner,  and  there  is  a  possibihty  that 
the  samples  furnished  for  testing  were  better  than  the  average. 
To  find  out  whether  such  a  statement  \vas  based  on  reasonable 
grounds,  tlie  series  of  tests  has  been  considerably  extended  and 
selections  made  at  random  from  stock  in  such  a  manner  that  it 
would  seem  hardly  possible  that  ])oor  material  should  not  be  found 
if  any  existed.  Tiie  results  have  been  uniformly  good,  indicating 
to  my  miiul  tiiat  the  process  of  drawing  is  of  such  a  character  as 
to  improve  tlie  quality  of  tiie  material  employed.  I  am  also  fully 
satisfied  that  the  average  quality  of  the  material  is  excellent,  and 
that  the  process  is  such  as  to  ])roduce  little  or  no  inferior  tubing. 
In  regard  to  the  tube  marked  "Annealed  in  Oil  "  and  '' ()ri<'-inal," 
to  which  Mr.  Souther  refers  as  misleading,  I  would  state  that 
these  tubes  were  supplied  by  the  works  with  which  he  is  connected 
and  were  marked  in  the  manner  described.  I  do  not  believe  that 
the  general  public  will  be  at  all  misled  by  the  notation  used.  The 
McCool  tubes  were  tested  in  the  unannealed  condition,  which  con- 
dition corresponded  to  that  of  leaving  the  draw  frames,  and  also 
when  annealed  or  after  they  had  passed  through  the  annealing 
furnace.  The  annealing  is  performed  automaticall}'  in  the  manu- 
facture or  making  of  the  McCool  tubes  and  in  such  a  manner 
that  it  is  very  difficult  and  nearly  impossible  for  irregularities  to 
occur;  consequently  what  Mr.  Souther  states  in  regard  to  the  un- 
certainties attending  uniform  annealing  certainly  does  not  apply  to 
the  McCool  process,  although  it  does,  without  doubt,  suggest  the 
cause  of  lack  of  uniformity  Avhich  we  have  observed  in  tubes  of 
man  V  other  makes. 

]\[r.  Souther  states  that  the  elastic  limit  cannot  be  definitely 
determined  in  many  makes  of  tubes,  and  in  this  respect  I  fully 
agree  with  him.  As  regards  the  ]\[cCool  tubing,  the  elastic  limit 
is  as  well  defined  as  witii  a  ]nece  of  steel  of  the  same  character, 
the  strain  diagram  being  essentially  in  every  case  of  the  same 
nature  as  the  one  submitted  (see  Fig.  190),  which  represents  a 
tensile  test  of  a  McCool  tube.  The  reduction  in  section,  which  is 
well  shown  in  specimens  7  and  90,  Fig.  ISO,  also  shows  this  char- 
acteristic well. 
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For  those  various  reasons  it  seems  entirely  unnecessary  that  i>. 
histijry  of  the  manufacture  of  the  steel  should  accom])any  tliis 
discussion,  although  doubtless  it  woukl  be  a  matter  of  much  scien- 
titic  interest. 

The  point  which  has  been  raised  regarding  the  exact 
analysis  of  the  steel  is  of  much  interest,  especially  for  the  reason 
that  subsequent  investigation  shows  this  analysis  to  have  been 
substantially  correct,  except  that  the  amount  of  phosphorus  was 
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given  somewhat  too  great.  The  tests  indicate  that  this  steel, 
which  chemical  analysis  shows  to  be  at  least  of  only  ordinary 
quality,  forms,  when  treated  in  the  manner  described,  tubing  of 
excellent  and  even  superior  qualities. 

Ileo:ardino-  the  use  of  the  word  ''seamless,"  1  would  sav  that  it 
seems  to  me  entirely  fit  and  appropriate,  for  there  is  certainly  no 
seam  to  be  detected  on  the  finished  tubing  either  before  or  after 
fracture,  iind  such  is  not  the  case  with  any  so-called  seamed  or 
welded  tubino-. 
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DCCLXXXIV.* 

THE  HANGING  AND  SETTING  OF  THE  HORIZONTAL 
FIRE-TUBE  BOILER. 

A   PHILIPPIC    ON    THE    COMMON    METHOD,    AND    A    METHOD    OF 

REMEDY. 

BY   OROSCO   C.    WOOLSON,    NEW    YORK,   N.  T. 

(Member  of  the  Society.) 

It  may  be  recaUed  that  in  1891  the  writer  had  occasion  to  give 
his  views  as  to  the  proper  construction  of  a  furnace  for  wood 
burning  under  boilers,  which  received  some  attention  in  the  tech- 
nical journals.  At  that  time  I  felt  that  the  common  method  of 
suspending  boileis  should  be  changed,  and  I  adopted,  among 
other  features,  a  four-point  link  suspension,  but  in  later  years  I 
have  discarded  the  four-point  suspension  and  have  adopted  a 
three-point  suspension  for  substantial  practical  reasons. 

The  common  method  of  hanging  horizontal  fire-tube  boilers  is, 
in  my  opinion,  wrong,  and  I  know  of  no  reason  why  it  is  persisted 
in  except  that  it  is  an  antiquated  custom,  and  therefore  we  con- 
tinue it  in  a  sort  of  indifferent,  nothingless  way,  apparently  not 
realizing  that  the  world  moves  and  we  should  move  with  it,  or 
perhap^ forgetting  that  the  whole  course  of  our  existence  is  one 
continual  development,  and  while  it  is  the  pride  of  some  to  be- 
come potent  factors  in  this  development,  others  take  equal  pride 
in  accepting  things  as  they  find  them  and  make  the  best  of  them, 
regarding  it  as  a  virtue  in  so  doing  on  about  the  same  theory 
that  a  sick  man  takes  a  dose  of  castor  oil,  because  he  has  to.  ^ 

At  the  time  mentioned  above  I  thought  the  discarding  of  side- 
brackets  on  the  shell  of  a  boiler  and  the  adopting  of  four  suspen- 
sion lugs  to  take  links  were  about  right,  but  in  later  years  I  saw 
an  improvement,  and  forthwith  discarded  the  four-point  suspen- 
sion and  adopted  a  three-point  suspension  for  reasons  which  I 
will  now  explain. 

While  the  four-point  link  suspension  is  far  better  than  thej^^igid 

*Pre'<ented  at  the  Niagrara  FallT^ieeting  (.June,  1898)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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side-bracket  bearing  arrangemeut,  it  is  open  to  one  of  the  objec- 
tions which  the  rigid  bracket  has,  by  becoming  a  three-point  sus- 
pension, and  yet  not  be  discovered  except  by  accident  in  some  way, 
tliroiigh  the  settling  or  bulging  of  the  wall  under  the  bracket.  By 
reason  of  its  different  construction,  the  four-point  link  suspension 
does  not  change  into  a  three-point  suspension  in  the  same  secret 
way  which  is  possible  with  side  brackets,  but  it  sometimes  gets 
there,  resulting  in  suspending  the  weight  of  the  shell  with  its  load 
of  water  and  pipe  connections,  and  sometimes  more  or  less  mason 
work  on  the  top  of  the  shell,  upon  three  unequally  distributed 
points.  1  have  found  this  the  case  in  a  boiler  hanging  where  the 
suspenders  were  made  with  an  eye  at  the  lower  end,  and  a  thread 
and  nut  at  the  upper  end  passing  up  between  heavy  crossbeams 
and  taking  a  strap.  The  crossbeams  rested  on  the  outside  walls 
simply,  not  having  steel  uprights  to  take  the  load  off  the  walls. 
One  wall  having  in  time  yielded  a  little,  carried  the  crossbeams 
down  with  them,  leaving  the  suspender  slack,  w^hich  necessarily 
threw  the  load  on  the  other  suspenders,  and  they,  not  being  dis- 
tributed to  carry  the  load  in  this  irregular  way,  brought  a  distor- 
tion on  the  shell,  which  is  not  a  legitimate  function  for  the  shell 
and  rivets  of  any  boiler  to  stand. 

Now  let  us  turn  to  the  virtues,  if  there  be  any,  of  the  solid 
side-bracket  suspension,  leaving  out  the  question  of  advantages  or 
disadvantages  of  furnishing  these  brackets  all  in  one  casting  or 
making  them  with  a  dove-tail  construction.  Many  years  ago  the 
common  practice  was  to  let  these  side  brackets  rest  directly  upon 
the  mason  work.  Later  some  one  concluded  that  there  should 
be  an  iron  sole  plate  of  some  kind  placed  between  the  bracket 
and  mason  work,  still  preserving  the  same  old  cast-iron  bracket 
with  its  more  or  less  uneven  bearing  surface.  Then  the  idea 
struck  some  one  else  that  somehow  the  boiler  was  not  quite  so 
free  to  move  fore  and  aft  as  it  should  be,  and  he  introduced  a 
series  of  rollers  between  the  aforesaid  plate  and  the  uneven  palm 
of  the  bracket.  Some  constructors  use  one  roller,  others  use  sev- 
eral, under  each  rear  bracket,  but  on  what  theory  the  use  of  more 
than  a  single  roller  was  based  I  cannot  say,  unless  it  -was  that  if 
one  roller  was  a  benefit,  several  rollers  must  be  more  so,  until  at 
the  present  time  the  commonest  practice  is  to  use  several  rollers 
under  each  bracket  except  under  the  two  forward  ones.  The 
forward  brackets  are  supposed  to  be  anchored  in  the  walls  which 
fix  the  boiler  at  this  end. 
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Let  us  aualyze  first  the  construction,  and  next  the  erection, 
of  this  system  in  a  boiler  setting :  In  the  first  place,  to  have  side 
brackets  to  perform  creditably  their  function,  the  bearing  face 
which  is  to  rest  on  the  rollers  must  have  a  perfectly  true  and 
smooth  face.  The  faces  of  the  brackets  should  be  level  or  in  line 
with  the  shell,  both  longitudinally  and  transversely.  I  will  not 
argue  the  point,  but  simply  ask,  taking  work  as  you  find  it,  are 
they? 

Now  we  have  got  the  boiler  blocked  up  in  place,  and  the  side 
walls  are  built  up  ready  for  the  aforesaid  sole  plate  to  be  masoned 
in  under  the  brackets,  and  the  mason  finds,  although  a  competent 
man,  that  his  wall  is  just  a  little  too  high  to  get  in  the  plate  to- 
gether with  the  rollers,  and  the  quickest  way  out  of  the  difficulty 
is  to  tear  down  a  few  courses  and  thin  his  joints  sufficiently  to  give 
him  a  little  leeway,  so  that  when  he  comes  up  this  time  he  will 
require  to  wedge  up  a  little.  He  is  all  right  so  far  as  that  goes  ; 
but  those  rollers  must  be  put  under  the  bracket  and  kept  in  proper 
position  while  he  proceeds  with  his  wall.  Now  there  are,  we  will 
say,  three  of  these  rollers  to  go  in,  and  we  find  that  the  under 
side  of  the  bracket  and  the  top  of  the  plate  are  no  exception  to 
the  regular  run  of  all  such  woi'k  (rough),  and  we  proceed  to  put  all 
the  rollers  in  what  seems  to  be  the  proper  place ;  but,  when  the 
sole  plate  comes  to  be  wedged  and  pointed  up  we  find  only  two 
of  these  rollers  get  a  bearing,  and  are  pinched,  leaving  the  third 
to  roll  around  at  every  jar  or  movement  of  the  mason,  or,  what  is 
quite  as  common  an  experience,  one  of  the  rollers  will  get  a  bear- 
ing on  one  end  of  it  only  and  be  perfectly  free  to  swing  around 
at  the  other,  while  the  one  which  gets  no  bearing  at  all  will  simply 
rest  there  idly,  still  the  wall  is  continued  up,  housing  in  the  bracket 
completely,  and  the  innocent  engineer  congratulates  himself  that 
he  used  all  the  rollers  furnished  him  and  soon  forgets  all  about 
it. 

I  will  now  call  your  attention  to  other  features  of  the  roller 
practice.  The  roller  which  is  found  to  get  a  bearing  at  one  end 
only,  when  positioned  practically  square  with  the  boiler,  will  not 
remain  in  that  position,  and  the  most  natural  thing  for  a  mason 
to  do  is  to  see  if  by  cutting  it  round  a  little  it  will  not  get  pinched 
its  entire  length,  and  he  finds  that  by  cutting  it  round  it  accom- 
plishes his  thoughtless  purpose,  and  forthwith  cuts  all  the  rollers 
round  that  are  loose  till  they  pinch,  and  so  leaves  them  and  bricks 
the  bracket  in. 
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Ui>  to  the  present  time  tlie  weight  of  the  boiler  is  upon  the 
blocking,  but  when  that  is  removed  those  rollers  which  now  stand 
in  several  diiferent  directions  get  the  load  and  are  supposed  to 
provide  an  anti-friction  bearing.  Let  us  see  how  far  this  is  the 
case.  Out  of  three  rollers  under  each  rear  bracket  there  is  but  one, 
we  will  say,  carryiug  the  load,  and  which  stands  exactly  square 
with  the  boiler  and  is  pinched  its  entire  length  (and  that  one  I 
will  wager  stands  on  askew  also).  Of  the  other  two,  one  is  carry- 
ing no  load  at  all,  and  the  third  is  cut  round  sufficiently  to  cause 
one  of  two  things  when  the  shell  of  the  boiler  begins  to  expand 
and  exert  itself  to  move  backward  on  those  anti-friction  (?j  rollers, 
to  wit :  If  the  roller  which  is  square  with  the  boiler  is  carrying  a 
httle  more  load  than  the  other  one  which  is  cut,  the  boiler  will 
tend  to  move  back  in  line,  and  the  cut  roller,  not  having  the  grip, 
will  simply  be  slid  over.  On  the  other  hand,  if  the  cut  roller  has 
the  greatest  grip  it  will  tend  to  crowd  the  boiler  in  whichever 
way  the  roller  is  cut,  and  the  result  is  that  something  has  got  to 
yield,  which  unfortunately  is  the  side  walls. 

There  are  some  few  constructors  who  have  doubtless  appreciated 
the  evils  of  the  common  side  bracket  and  roller  practice,  and  have 
provided  a  cage,  or  sole  plate  with  ribs  on  which  the  rollers  rest, 
thereby  reducing  the  chances  somewhat  of  a  roller  getting  cut 
round  out  of  proper  place.  With  the  simple  cage  construction 
they  should  not  stop,  but  should  also  plane  off  the  bearing  sur- 
face of  the  bracket  if  they  wish  to  be  consistent.  After  all,  what  is 
the  result?  An  expensive  and  not  highly  satisfactory  and  only 
partially  anti-friction  bearing,  subject  to  many  conditions  found 
an  evil  in  the  common  roller  bearing.  The  same  criticism  holds 
good  in  the  ribbed  sole  plate  also. 

Doubtless  there  are  those  who  will  have  side  brackets  on  their 
boilers  to  the  end  of  time.  I  perhaps  should  say  '•  tlieir  time," 
for  after  that  our  children's  children  will  only  know  of  this  con- 
struction as  a  matter  of  ancient  history.  To  such  a  persistent 
advocate  of  the  side  bracket  let  me  say  a  word.  If  the  plan  I 
have  adopted,  as  shown  in  the  accompanying  drawings,  does  not 
appeal  to  your  common  sense,  let  us  see  if  we  can  compromise, 
to  wit :  Leave  out  the  rollers  altogether,  plane  the  bearing  face 
of  your  bracket  reasonably  smooth,  use  a  simple  heavy  cast-iron 
sole  plate  with  upper  face  planed  reasonably  smooth.  Now,  when 
ready  to  set  this  plate,  dope  it  well  with  common  black  lead  and 
tallow  and  wedge  it  up  solid  under  the  bracket,  preferably  taking 
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care  so  to  place  it  that  the  planer  tool  marks,  if  there  be  any, 
shall  stand  at  right  angles  to  the  planing  on  the  bracket,  and  you 
will  have  a  more  perfect  anti-friction,bearing  than  can  be  obtained 
with  rollers.  The  only  object  in  mixing  in  tallow  is  not  to  serve 
as  a  lubricant,  but  it  is  simply  a  medium  to  hold  the  black  lead 
while  the  material  is  being  appHed,  it  being  better  to  handle  tlian 
dry  lead,  and  the  tallow  will  soon  be  gone  after  firing  up,  but  the 
effect  of  the  slippery  black  lead  burnished  into  the  two  faces  of 
the  cast  iron  will  last  until  the  boiler  is  worn  out.  Even  with 
this  practical  refinement  you  have  still  the  brackets  and  cer- 
tain evils  therewith,  which  the  steel  ears(hereafter  explained)  and 
suspended  equalizing  bar  eliminate,  and  which  will  be  found  much 
superior  and  will  cost  no  more  to  install. 

I  am  not  yet  through  with  my  philippic.  Let  us  assume 
that  each  of  the  three  rollers  under  the  side  brackets  are  all 
loaded  alike,  and  that  they  stand  mathematically  square  with 
the  boiler,  and  that  no  bits  of  brick,  slate,  or  other  foreign  sub- 
stance are  left  alongside  of  the  rollers,  and  that  we  are  going 
to  take  advantage  of  all  there  is  in  roller  anti-friction  construc- 
tion, so  that  so  far  as  that  system  goes  we  have  got  perfection  it- 
self. What  do  we  do  next?  I  will  explain  just  what  is  being  done 
every  day  where  this  bracket  and  roller  construction  are  used. 
We  deliberately  go  to  work  and  close  in  the  brickwork  against 
the  sides  of  the  boiler,  chipping  out  the  bri(;k  to  fit  over  rivet 
heads,  driving  the  brick  in  against  and  around  the  laps  of  the 
sheets  of  shell,  and  using  every  effort  to  make  a  gas-tight  joint, 
thereby  as  com]iletely  and  thoroughly  anchoring  the  boiler  into 
the  mason  work  as  it  is  possible  to  do  with  bricks  and  cement 
mortar,  treventing   ABSOLUTEfA'   the   movement   of  the   boiler 
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ir. 

If  this  practice  (and  it  is  the  method  in  vogue  everywhere 
to-day,  even  so  near  the  twentieth  century)  is  not  a  casus  belli, 
what  is?     And  yet  because  of  its  commonness  we  overlook  it. 

Again,  it  is  the  practice  with  some  to  spring  the  back  arch  over 
against  the  rear  head  of  the  boiler.  There  is  no  excuse  what- 
ever for  this.  Others  spring  the  arch  across  from  side  to  side, 
leaving  space  between  the  side  of  the  arch  and  the  head  of  the 
boiler.  This  is  one  step  toward  improvement,  but  which  is  at 
best  a  short  step  when  you  take  into  consideration  the  diffi- 
culty of  maintaining  an  arch  built  in  this  direction,  and  also  of 
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preserving  a  free  expanding  space  and  still  maintain  an  air-tight 
chamber. 

Another  feature  of  the  common  every-day  boiler  setting  which 
is  open  to  criticism  is  the  prevailing  method  of  setting  and  fasten- 
ing the  buck  stays. 

These  stays  are  set  up  against  the  wall  for  the  purpose  of  re- 
inforcing them,  not  to  assist  in  cracking  them,  and  yet  the  com- 
mon method  of  setting  and  fastening  these  stays  is,  in  the  majority 
of  instances,  the  direct  cause  for  the  walls  crackiug. 

How  many  stays  after  being  set  up  do  we  find  bear  against  the 
wall  the  whole  length  of  the  stay  ?  Possibly  one  in  a  hundred. 
The  other  ninety-nine  get  a  bearing  at  the  bottom,  and  then  very 
likely  do  not  strike  the  wall  again  until  it  reaches  the  top.  This 
practice  is  inexcusable,  especially  when  it  is  so  simple  to  remedy. 
These  stays  are  commonly  bound  to  the  walls  by  an  anchor  bolt 
at  the  bottom,  and  a  long  over-all  binding  bolt,  or  rod,  at  the 
top. 

Let  us  digest  this  combined  misconstruction  a  little.  In  the 
first  place,  we  have  robbed  this  buck  of  its  staying  function  by 
reason  of  not  having  brought  it  to  a  bearing  against  the  wall 
properly,  and  in  the  second  place  we  have  provided  a  clamping 
apparatus  so  fastened  at  top  and  bottom  that  the  natural  ex- 
panding of  the  boiler  (or,  what  is  an  appropriate  expression,  the 
lareathing  of  the  boiler)  when  in  duty  tends  to  do,  and  does  do, 
the  very  thing  the  stays  are  designed  to  prevent. 

The  long  over-all  buck  stay  rods  at  the  tops  are  used  for  two 
reasons :  one  is  that  because  our  grandfathers  used  them  we 
must,  and  the  other  is  that  there  is  no  other  way  provided  for 
clamping  the  stays  with  the  present  construction  of  horizontal 
fire-tube  boilers. 

These  long  rods  being  exposed  do  not  expand  as  the  boiler 
and  brickwork  do,  therefore  we  bind  the  stays  in  the  same  rela- 
tive distance  apart,  whether  the  boiler  is  hot  or  cold,  and  the 
stay  which  gets  a  bearing  against  the  brickwork  at  the  top  and 
bottom  only  must  crack  your  wall  or  break  the  rod,  and  pos- 
sibly you  do  not  need  me  to  tell  you  that  it  is  the  wall  which 
suffers. 

There  is  the  same  tendency  to  crack  the  walls,  even  if  the  stay 
gets  a  bearing  its  full  length,  provided  it  is  bolted  in  the  same 
old  way,  but  the  cracking  manifests  itself  in  a  different  place. 
If  the  time  should  come  when  heat  will  not  expand  or  cold 
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<:outract  matter,  then  we  can  continue  staying  our  boilers  and 
fastening  our  stays  in  this  way  and  run  no  risk  of  having  our  wall 
go  to  pieces  ;  but  until  then  I  regard  it  a  duty  to  improve  on 
the  old  methods. 


This  ends  my  philippic,  and  I  beg  to  ask  you  now  to  turn  to 
a  method  of  hanging  and  setting  a  horizontal  fire-tube  boiler 
which  I  believe  to  be  superior  in  every  particular.     (Figs.  191 

and  192.) 

First.— Hang  the  boiler  at  three  points  only.  The  rear  point 
is  to  sustain  two-thirds  of  the  total  weight  of  the  boiler,  and  be- 
comes the  swinging  point. 

Second.— This  rear  point  is  to  sustain  its  load  entirely  clear  of 
the  brickwork,  upon  cross  channels  which  rest,  at  their  extrem- 
ities, on  steel  upright?. 

In  the  centre  of  this  crossbeam  there  is  located  a  cast-iron 
saddle  in  which  the  swinging-pin  rests,  and  from  this  pin  a  steel 
strap  is  suspended,  which  spans  at  its  lower  end  a  heavy  steel 
equaliziug  bar,  to  which  it  is  connected  by  steel  pins  also.     At 
the  extremities  of  this  bar  there  are  pinned  steel  links,  to  which 
the  weight  of  the  rear  portion  of  the  boiler  is  hung.    It  is  obvious, 
therefore,  that  there  is  no  influence  exerted  by  this  arrangement, 
except  to  swing  the  boiler,  leaving  it  perfectly  free  to  go  and  come, 
as  influenced  by  expansion  and  contraction  or  from  any  other  cause. 
By  the  interposing  of  this  equalizing  bar  we  avoid  any  possibiUty 
of  bringing  strains  or  distortions  into  the  shell  of  our  boiler,  or 
side  thrusts  into   our  brickwork,   if    for  any  reason   the    loaded 
foundations  or  side  walls  should  settle,  and  there  is  less  likeli- 
hood of  getting  the  boiler  out  of  its  exact  position  when  removing 
the  blocking,  and  we  are  also  enabled  to  raise  or  depress  the  rear 
end  of  the  boiler  to  accommodate  piping,  blow-off,  etc.,  with  ease 
and  accuracy  by  removing  or  adding  the  necessary  shims  under 
the  centre  saddle,  and  when  finished  it  is  not  susceptible  of  being 
tampered  with.     No  planing  or  tooling  of  any  kind  other  than 
the  drilling  of  pinholes  is  necessary  for  this  construction. 

j'Jdrd— The  two  forward  supports  each  carry  one-sixth  of  the 
total  weight  of  the  boiler,  and  consist  of  steel  ears  reaching  out 
from  the  shell  and  resting  upon  long  cast-iron  shoes  set  out  flush 
with  the  outside  walls,  thus  bringing  this  weight  of  the  boiler  upon 
the  red  brick  walls  and  entirely  off  the  firebrick  lining  of  the  fur- 
51 
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nace.  These  ears  are  masoned  solid  into  the  brickwork,  thus  fixing 
the  boiler  against  any  fore  and  aft  movement  at  this  point.  The 
shoes  are  made  the  depth  of  a  brick  aud  three  bricks  in  length, 
providing  thereby  a  very  liberal  distribution  of  its  load.  In 
setting  these  shoes  it  is  simply  necessary  to  bring  one  side  flush 
with  the  ©utside  wall,  and  wedge  and  point  it  up  snug  under  the 
steel  ear,  the  ordinary  mason  work  being  sufficiently  level  for 
these  plates.  All  the  rest  will  take  care  of  itself.  Where  two 
or  more  boilers  set  in  one  battery,  the  aforesaid  ears  lap  by  one 
another  on  the  same  sole  plate  and  are  bolted  together  to  afford 
a  maximum  resistance  for  the  furnace  buck  stay  anchorage. 
These  ears  are  riveted  or  bolted  in  between  heavy  steel  angle 
irons,  which  are  riveted  to  the  shell,  when  the  boiler  is  erected, 
but  are  shipped  separate  from  the  shell. 

Fot(rth.—T\ie  set  of  buck  stays  shown  alongside  of  the  furnace 
wall  are  anchored  at  the  bottom  in  the  usual  manner,  but  at  the 
top  their  anchor  bolts  hook  on  to  the  ears  of  the  shell,  thus 
avoiding  a  long  rod  over  the  top  of  the  shell  (long  rods  not 
yielding  to  the  "breathing"  of  the  boiler  when  heated  up  and 
cooled  down),  and  always  preserving  a  secure  hold  of  the  brick- 
work, keeping  it  relatively  up  to  the  boiler  under  all  conditions  of 
expansion  and  contraction  of  the  shell,  for  brickwork  is  quite 
capable  of  accommodating  itself  if  you  will  only  give  it  a  chance. 
J[?;ffJi.—AiteY  providing  perfect  means  for  the  movement  of  the 
shell,  fore  and  aft,  it  would  avail  us  nothing  if  we  are  to  brick  the 
shell  in  solid  in  the  usual  way  (but  we  are  not),  for  every  rivet 
head  and  lap  serves  to  anchor  the  shell  in  the  brickwork  as  men- 
tioned before,  resulting  in  cracking  and  general  dilapidation  of  the 
walls.  To  overcome  this  I  rivet  a  heavy  3-inch  Z  bar  to  the  shell  on 
each  side.  The  outer  face  of  this  bar  is  straight  and  smooth,  and 
up  against  it  I  bring  the  inside  face  of  the  furnace  wall,  and 
over  the  top  of  this  Z  bar  carry  two  courses  of  brick  to  within  an 
inch  or  two  of  the  shell  of  the  boiler,  thus  closing  the  joint  as 
plainly  shown  on  the  drawing.  Bearing  in  mind  that  the  rear 
point  of  suspension  exerts  no  influence  to  crowd  the  boiler  side- 
ways, it  is  logical  to  assume  that  its  movement,  fore  and  aft,  will 
be  perfectly  free  and  independent  of  brickwork  on  the  sides. 

Sixth.— With  the  above  arrangement  alone  we  will  not  yet  be 
free  of  all  brickwork,  for  the  rear  cross  wall  must  be  considered. 
Therefore  we  provide  a  heavy  V-shaped  cast-iron  beam  placed 
across  the  back  chamber,  securely  masoned  in  at  each  end.     This 
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beam  is  placed  away  from  the  boiler  head  about  1^  iuches.  This  is 
shown  in  large  scale  on  Fig.  193  at  A  and  A'.  Over  the  short  leg  of 
this  beam  laps  one  leg  of  an  angle  iron  which  is  riveted  to  the  rear 
head  of  the  boiler.  This  angle  iron  is  cut  just  the  length  required 
between  the  side  walls  of  the  combustion  chamber  ;  the  vertical  leg 
near  the  extreme  ends  is  cut  to  a  pattern,  and  these  ends  turned 
down  flat  with  the  horizontal  leg ;  this  turned  down  portion  fits 
round  the  curve  of  the  boiler  head,  thus  altogether  forming  a  tight 
joint.  The  long  leg  of  the  cast-iron  beam  forms  a  buttress  over 
against  which  the  back  arch  is  sprung,  thus  forming  an  arch  not 
onlv  laid  in  the  proper  direction,  but  provides  liberal  head  room  on 
the  sides  as  well  as  in  the  middle  of  the  boiler.  The  first  engi- 
neer to  uso  this  style  of  arch  beam  was,  I  think,  I.  V.  Holmes,  but 
it  is  improved  by  having  a  series  of  depressions  on  the  long  fade 
as  shown.  With  these  depressions  the  brick  arch  gets  a  better 
anchorage,  not  only  to  stand  its  own  weight  and  the  sand  filling 
above,  but  the  occasional  weight  of  the  workman  who  finds  it 
necessary  to  stand  upon  it.  Back  of  this  arch,  on  the  outside  of 
the  rear  cross  wall,  is  placed  a  horizontal  buck  stay,  anchored  by 
bolts  extending  through  to  the  upright  steel  standards.  This 
takes  the  thrust  of  the  arch,  which  will  then  last  indefinitely. 

The  foregoing  completes  a  combination  of  iron  and  brickwork 
for  hanging  and  inclosing  a  boiler  of  any  size  and  any  number  of 
them,  leaving  them  free  to  take  such  position  as  heat  and  cold 
and  other  influences  demand,  without  straining  any  part  or  crowd 
ing  the  brickwork  out  of  shape,  and,  furthermore,  permits  the  re- 
moving of  the  fire-brick  lining  without  disturbing  the  main  set- 
ting, and  if  for  any  cause  the  entire  brickwork  is  required  to  be 
removed  it  can  be  done  without  interfering  with  the  position  of 
the  boiler,  for  the  rear  suspension  with  the  two-thirds  load  takes 
care  of  itself,  while  it  is  simply  necessary  to  suspend  temporarily 
the  forward  light  load  by  catching  the  steel  ears  through  the 
buck-stay  bolt  holes,  thus  leaving  full  clearance  to  work  below. 


The  following  are  accessories  which  I  have  found  to  possess 
practical  merit  (Fig.  198) : 

First. — Where  a  blow-off  pipe  is  preferably  located  at  the  rear, 
I  use  a  fire-clay  sleeve,  Avhich  can  now  be  readily  procured  in  the 
market,  being  made  of  different  sizes  and  provided  with  male  and 
female  ends.     Simply  slip  on  a  few  of  these  over  the  bloM--off 
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pipe,  first  placing  iu  a  little  fire-clay  paste  between  the  ends, 
forcing  tlieni  together  and  holding  them  there  by  a  collar  and 
set  screw. 

These  sleeves  will  preserve  the  pipe,  located  as  it  is  in  the  hot 
gases,  for  a  great  length  of  time,  doubtless  as  long  as  the  boiler 
will  Jast.     It  is  shown  on  Fig.  193  and  is  marked  B  and  B\ 

Second. — The  cleaning-out  door  and  frame  is  simple  and  cheap, 
but  perfectly  air-tight.  This  is]shown  in  detail  on  Fig.  193,  and  is 
marked  C  and  6". 

There  is  an  annular  recess  on  the  face  of  the  frame  about  1^ 
inches  wide  and  ^^'g  of  an  inch  deep,  into  which  is  filled  fire-clay  paste 
when  the  door  is  ready  to  be  closed.  The  inside  face  of  the  door, 
around  the  edge,  has  cast  on  it  a  half  round  bead,  Avhich,  when 
the  door  is  closed,  forces  itself  into  the  fire-clay  and  forms  an 
absolutely  air-tight  joint,  regardless  whether  the  casting  is  smooth 
and  true  or  otherwise.     No  tooling  is  necessary. 

At  the  two  corners  of  the  door  opposite  the  hinges  are  riveted 
studs,  on  which  lipped  straps  fit  instead  of  a  latch.  These  have 
been  found  better  than  a  latch,  which  requires  to  be  forced  to- 
gether a  certain  degree  before  it  will  catch,  but  the  strap  and 
stud  can  be  screwed  up  till  the  joint  is  made  snug  and  then  left. 

Counter-sinking  a  spot  in  the  back  of  the  door  for  the  lip  of  the 
strap  to  fit  in  assures  the  strap  standing  in  its  proper  place  whether 
a  man  closes  up  the  door  in  the  light  or  in  the  dark.  Further- 
more, it  is  a  very  cheap  door  to  make,  besides  being  air-tight.  It 
is  not  necessary  to  apply  clay  every  time  the  door  is  opened  and 
closed,  for  it  will  be  found  that  this  clay  will  not  easily  drop  out. 
Third. — The  feed  head  shoAvn  in  detail  on  Fig.  193,  and  marked 
D  and  i>\  is,  I  think,  a  great  improvement  over  the  common  per- 
forated pipe.  It  produces  what  could  properly  be  termed  a  film 
feed  as  distinct  from  a  spray  feed.  My  object  is  to  avoid  the  dis- 
charge of  a  large  body  of  water  and  yet  maintain  the  necessary 
volume,  and  at.  the  same  time  prevent  as  much  as  possible  a  lia- 
bility to  choke  up  or  get  out  of  order  in  any  way.  The  one  shown 
here  is,  in  my  estimation,  correct  for  a  reliable  feed  head  or 
nozzle,  and  is  withal  simple  and  cheap. 

The  cut  showing  the  side  elevation  of  the  boiler  gives  a  pretty 
clear  idea  of  the  chambered  and  perforated  arch  over  the  fire 
door.  This  is  made  up  of  special  arch  brick.  Some  eight  years 
ago  I  designed  this  arch  for  a  plant  which  had  had  great  difiiculty 
in  getting  an  arch  to  stand  twelve  months.     There  has  been  no 
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trouble  since.  The  peculiarities  of  bridge  wall  construction  and 
such  other  details  as  go  to  make  up  a  substantial  and  practical 
setting  I  will  not  go  into  here,  for  most  engineers  have  their  own 
ideas,  and  time  is  too  fleeting  to  argue  minor  matters  about  a 
boiler  installation. 

DISCUSSION. 

Mr.  Charles  W.  Barnahy. — It  seems  to  me  that  there  is  a  good 
deal  of  unnecessar\^  refinement  on  the  part  of  some  in  their  ideas 
of  setting  a  boiler.  We  find  a  good  many  different  methods  of 
hanging  boilers  in  the  s])ecifications  which  we  receive  at  our 
works.  .One  in  particular  I  call  to  mind  in  which  the  rear  end  of 
the  boiler  had  to  be  suspended  on  lT]-inch  hardened  and  ground 
balls  and  the  V  guides  or  seats  had  to  be  made  of  steel  or  iron 
planed  and  finished  all  over  and  case-hardened.  While  the  party 
who  di'ew  u])  the  specifications  considered  it  necessary  to  make 
such  refined  provision  for  the  longitudinal  expansion  of  the  boiler 
— the  distance  was  only  thirteen  feet  between  centres  of  front 
and  rear  brackets — he  entirely  lost  sight  of  ex{)ansion  sidewise. 
There  was  no  provision  whatever  for  side  expansion.  It  was 
about  eight  feet  from  centre  to  centre  of  ball  supports  sidewise, 
so  tliere  was  almost  two-thirds  the  expansion  sidewise  that  there 
was  longitudinally,  and  it  struck  me  as  rather  odd  that  any  one 
who  Avould  lose  so  much  sleep  over  the  expansion  longitudinally 
would  entirely  lose  sight  of  the  side  expansion  and  go  to  so  much 
trouble  and  expense  to  provide  for  the  one  and  none  whatever 
to  provide  for  the  other. 

I  notice  that  the  front  brackets  on  the  boiler  suspension  advo- 
cated in  Mr.  Woolson's  paper  extend  out  some  fifteen  or,  possi- 
bly, eighteen  inches,  so  that  the  support  is  some  eighteen  inches 
from  the  shell  of  the  boiler.  The  base  of  the  bracket  on  the 
boiler  is  possibly  about  half  this  amount.  I  have  often  wondered 
that  some  of  these  people  who  borrow  so  much  trouble  over  the 
suspension  of  a  boiler  do  not  w^ony  for  fear  that  the  leverage,  due 
to  the  fact  that  the  extension  of  the  brackets  is  about  double  the 
base  attached  to  the  boiler,  will  not  tear  a  piece  out  of  the  side  of 
the  boiler.  It  seems  to  me  that  there  is  a  ofood  deal  more  danger 
of  the  bracket  pulling  a  piece  out  of  the  boiler  shell  tiian  of  any 
damage  resulting  fi'om  the  torsional  strain  on  the  boiler  due  to 
the  support  giving  way  under  (jne  of  four  brackets. 

There  is  one  point  in  the  paper  to  which  I  want  to  take  excep- 
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tion,  und  tluit  is  in  regard  to  what  takes  place  in  case  one  of  the 
brackets  on  a  boiler  supported  in  the  ordinary  way  on  four 
bi'acketsL  is  relieved  of  its  support.  The  author  states  that  when 
the  masonry  settles  under  one  bracket,  in  such  case  the  load 
will  be  thrown  upon  the  other  tlireo — that  the ,  boiler  will- 
be  on  a  three-point  suspension  basis.  Now,  I  think  it  would 
be  on  a  t\vo-))oint  suspension  basis.  If  you  take  the  support 
from  under  one  l^racket  vou  also  relieve  the  load  on  the  diafjonallv 
opposite  bracket,  and  the  other  two  diagonally  opposite  brackets 
take  up  the  whole  load  of  the  Ijoiler.  I  have  made  no  calcula- 
tions, but  as  a  matter  of  judgment  I  should  say  that  the  torsional 
stress  due  to  the  weight  of  the  boiler  and  the  water  in  it  would 
be  infinitesimal  in  proportion  to  the  strength  of  the  boiler;  that  it 
would  not  be  worth  considering.  It  might  be  interesting  to  make 
a  calculation  on  that  point,  but  the  diameter  of  the  boiler  is  so 
great  that  it  seems  as  if  the  torsional  stress,  Avhich  would  come 
principally  on  the  girth  seams,  and  slightly  on  the  longitudinal, 
would  be  so  slight  in  proportion  to  the  strength  of  the  shell  that 
it  would  not  be  worth  taking  into  consideration.  The  stress 
thrown  on  the  shell  by  this  torsional  action  would  not  be  in  the 
same  direction  as  the  strain  produced  bv  the  pressure  in  the 
boiler;  it  would  not  act  in  conjunction  with  the  bursting  strain  ; 
so  that  it  seems  to  me  that  it  would  not  produce  any  noticeable 
result. 

In  regard  to  the  slight  particle  of  slate  or  little  piece  of  brick 
or  something  of  that  kind  getting  under  the  roller,  it  does  not 
strike  me  that  that  would  be  anything  serious.  If  a  boiler  can 
tear  a  massive  wall  to  pieces  in  the  way  that  the  author  points 
out,  it  seems  to  me  that  about  the  first  time  that  it  expanded,  if 
there  happened  to  be  a  little  corner  of  slate  or  something  under 
the  roller,  it  would  be  crushed  and  would  be  out  of  the  way  be- 
fore the  second  expansion.  Nothing  that  could  materially  ob- 
struct the  movement  of  the  roller  could  get  under  it  unless 
some  one  should  take  the  trouble  to  wedge  a  piece  of  steel  or  other 
hard  metal  under  the  whole  length  of  the  roller  with  malicious 
forethought. 

Mr.  Ezra  Fawcett. — The  object  of  the  paper,  it  is  presumed,  is 
to  provide  for  equally  sustaining  the  weiglit  of  the  boiler  at  all 
points,  to  allow  ample  latitude  for  expansion,  and  to  eliminate 
the  distortion  consequent  on  supporting  the  boiler  by  four  brack- 
ets if  the  supporting  Avail  should  settle  more  at  one  point  than 
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anotlier.  Hanging  the  boiler  at  three  points  with  an  equahzing 
bar  avoids  distortion.  The  absence  of  long  brackets  and  the 
dome  extending  out  from  the  shell  of  the  boiler  greatly  facilitate 
the  transportation  of  the  boiler  and  its  handling.  The  general 
features  of  the  paper  are  well  presented,  and  the  method  should 
Avoi'k  well  in  practice. 

Mr.  James  McBride. — In  connection  with  this  matter  I  am  re- 
minded of  mv  boyhood  days  when,  with  other  boys  in  front  of  the 
countiy  grocery  store,  we  were  discussing  the  best  method  of 
hanging  a  mowing  scythe.  One  of  the  boys  who  had  been  born 
tired  said  that  he  liked  his  best  hung  on  the  fence.  So  I  think 
the  best  way  to  hang  a  lire-tube  boiler  is  to  hang  it  on  the  fence. 
However,  for  the  benefit  of  those  so  unfortunate  as  to  have  or 
who  are  likely  to  have  this  style  of  boiler,  I  am  glad  to  see  some- 
body has  got  courage  onough  to  start  the  ball  i-olling  and  devise 
some  method  for  improving  the  setting  of  it. 

I  think  Islx.  Woolson's  devices  are  entirely  too  refined.  It 
seems  to  me  that  all  which  is  required  is  to  hang  the  boiler  in  the 
furnace  at  two  points.  You  cannot  very  well  hang  it  upon  one — 
hang  it  at  two  points.  Make  it  as  distinct  from  the  brickwork  as 
possible.  I  have  had  twenty-one  of  them  for  nearly  twenty 
years,  and  they  have  cost  me  hundreds  of  dollars  every  year  for 
labor  alone  and  a  large  amount  of  monev  for  material  to  keep 
them  in  repair,  and,  while  what  Mr.  Woolson  says  is  true,  I  think 
that  he  has  taken  a  method  of  obviating  it  which  is  entirely  too 
refined  for  general  purposes.  I  think  people  who  contemplate 
buying  boilers  should  buy  boilers  which  don't  have  to  hang  at  all. 

Mr.  Francis  H.  Boyer. — -I  am  in  sympathy  with  the  two  pre- 
ceding speakers  for  the  reason  that  I  am  operating  and  not  build- 
ing boilers.  I  should  think  that  Mr.  Woolson  is  contemplating 
mounting  boilers  on  stilts  and  marching  them  around  over  the 
country.  We  have  some  pipe  boilers,  but  wliere  conditions  per- 
mit, we  invariablv  use  horizontal  tul>ular  boilers,  althoujrh  I  woukl 
say  that  not  long  since  I  had  occasion  to  tear  down  the  walls  of 
one  of  my  boilers  which  had  been  running  sixteen  years,  and  the 
gentleman  who  furnished  tiie  design  for  setting  that  boiler  'placed 
the  rollers  under  the  lugs,  and  the  rollers  were  put  in  lengthwise 
of  the  boiler.  Xow,  that  boiler  had  worked  for  sixteen  years  and 
had  done  its  work  perfectly.  We  never  had  any  trouble  with 
it,  and  I  am  not  positive  that  this  is  not  a  good  way  to  place  the 
rollers.     When  you  stop  to  think  for  a  moment  that  the  slight 
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aiiioiuit  of  expansion  that  the  boiler  has,  probably  a  two-hun- 
dredth part  of  an  inch,  })i'obably  not  over  the  two  or  three-liun- 
Uredth  part  of  an  inch  that  it  goes,  due  to  the  expansion  and 
contraction  of  the  metal  itself,  the  question  of  expansion  is  hardly 
worthy  of  consideration.  Instead  of  hanging  ray  boiler  from 
one,  two,  or  three  points,  especially  if  it  is  a  boiler  with  lugs  on 
the  sides.  I  would  ])ut  six  lugs  on  the  boiler,  three  on  each  side. 
I  have  taken  out  boilers  when  I  have  found  twentj'-four  inches 
from  the  lug  down  that  the  wall  would  be  entirely  destroyed. 
If  we  have  six  carrying  points  and  the  Avail  becomes  destroyed 
alongside  the  furnace,  we  have  four  left  to  carry  the  boiler's 
Aveight.  There  are  tAVo  parties  in  boiler  making  and  engineering : 
one  is  the  felloAV  who  builds  the  boiler  and  the  other  is  the  fellow 
who  operates  it.  Now  we  look  at  it  from  the  operating  and  the 
repairing  condition,  and  Ave  try  to  get  it  i«i  such  a  position  that 
Avhen  it  is  in  bad  shape  by  neglect  or  from  any  other  cause  it  will 
do  no  harm.  I  think  the  tendency  of  design  Avork  is  going 
unnecessarily  too  far — too  much  of  an  outlay  of  money — the 
draAving  of  these  fine  points.  I  furthermore  believe  that  the 
Avhole  result  can  be  had  satisfactorily  in  some  of  the  old  methods, 
and  am  positive  that  imagination  and  the  pencil  enter  largely 
into  the  results  Avhich  are  given  out  by  the  ncAV  departure  in 
steam  boiler  generator  oA'er  our  old  friend  the  horizontal  tubular. 

3£r.  H.  H.  Sujylee. — Mr.  Woolson,  in  his  paper,  seems  to  object 
to  hano^inof  the  boiler  on  the  brickAA^ork,  and  he  onlv  realh'  sus- 
pends  it  at  the  back  end  and  only  allows  the  front  portion  to  run 
on  the  bricks.  I  do  not  see  Avhy  his  Avhole  purpose  Avould  not  be 
obtained — and  that  I  think  Avas  Mr.  McBride's  idea — by  having 
two  posts  and  the  cross-beam  fronts  and  tAA^o  links  being  entirely  in- 
dependent of  the  brickwork.  Mr.  AVoolson  refers  to  the  ease  Avith 
Avhich  you  can  take  down  all  the  brickwork  and  reset  it  if  you  prop 
up  the  front  end.  If  the  front  end  is  propped  up  from  the  beginning 
so  that  the  boiler  stands  on  its  stilts  from  the  start,  you  Avould  not 
haA^e  to  bother  about  the  brickwork.  I  know  of  a  number  of 
boilei's  hung  that  Avay,  and  they  have  stood  very  well. 

Mr.  Gus.  C.  Hennincj. — I  notice  that  Mr.  AVoolson,  in  his  paper, 
describes  a  point  of  attachment  at  the  forward  end  which  seems 
to  me  a  questionable  point  by  which  to  hang  up  a  boiler,  as  one 
wall  of  the  furnace  may  be  hotter  than  the  other  and  that  one 
wall  Avill  either  bulge  out  one  Avay  and  tilt  in  the  other  direction, 
causins:  the  buck  stav-bolt  to  A'ield  and  move  back.     In  another 
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case  one  avjlU  expands  more  than  the  other,  and  the  bearing  will 
come  on  the  higher  lug  and  on  the  rear  hanger,  wiiicli  of  course 
produces  a  tremendous  strain  on  tlie  front  connection,  which  will 
cause  the  boiler  to  bend  so  as  to  buckle  the  shell  of  the  boiler  on 
one  side.  If  it  had  been  hung  up  on  the  front  end,  where  there 
is  some  stiffening,  due  to  the  tube-sheet  or  the  head  and  the  flange, 
the  hanger  would  be  in  the  same  position  on  the  side,  but  it 
would  not  buckle  the  boiler.  There  would  be  considerable  work- 
in";  at  the  side,  which  ahvavs  comes  on  the  horizontal  seam,  beinfj 
a  particularly  bad  spot  for  motion.  This  is  the  usual  result  when 
a  boiler  is  hung  as  Mr.  Woolson  proposes,  because  he  catches  hold 
above  the  seam  and  iii  a  place  where  the  boiler  is  not  stayed  at 
all.  If  it  were  attached  forward  about  the  horizontal  seam,  where 
the  boiler  is  reenforced  b}'  the  plate,  no  bending  strains  would 
arise  in  the  shell.  Of  course  the  working  of  the  boiler  is  the 
cause  that  opens  seams,  and  injures  tliem  more  than  anything 
else,  and,  with  that  point  in  view,  I  think  the  attachment  should 
not  be  as  shown.  Of  course  a  huno^  boiler  will  avoid  a  <rreat 
many  troubles  that  are  found  in  those  that  are  fixed.  At  the 
same  time  we  know  that  a  boiler  hung,  as  shown,  frequently  works 
forward  and  back,  and  when  the  boiler,  in  some  manner  unex- 
plained, due  to  the  dripping  of  water  or  otherwise,  rusts  fast,  it 
Avill  stick  and  the  wall  connections  Avill  be  forced.  The  trouble  is 
that  walls  that  are  hung  as  shown  do  not  remain  in  position,  as  it 
is  a  common  occurrence  that  one  wall  is  hotter  than  the  other. 
These  causes  ])roduce  unnecessary  strain.  The  ordinary  boiler 
may  be  set  on  four  lugs.  That  is,  one  wall  will  expand  or  con- 
tract differently  from  the  other,  but  still  the  boiler  will  remain  on 
these  lugs ;  but  the  boiler  should  be  tied  to  its  position  so  that  it 
cannot  work  off  the  bearings,  because  it  may  oscillate  forward  and 
back  even  when  set  on  rollers.  I  think  the  points  of  suspension 
should  be  selected  with  the  utmost  care.  I  do  not  believe  that 
the  point  of  suspension  shown  is  as  good  as  another  that 
might  be  selected,  for  the  same  reason  that  it  comes  on  the  point 
of  the  boiler  where  there  is  no  stay  from  side  to  side.  Of  course 
if  there  is  any  working  at  all  the  sheets  will  bend  and  will  have 
an  oscillating  motion  all  the  time,  because  we  know  that  the  shell 
works  in  different  parts  differently.  It  is  not  sim})ly  exi)anding 
and  contracting,  but  the  boiler  works  under  the  changes  of  heat 
and  the  position  of  the  boiler  just  as  much  as  though  acted  upon 
locally  by  pressure  or  otherwise. 
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}f)\  G.  ir.  Blssell. — AVhile  agreeing  in  the  main  with  the  con- 
chisions  of  the  writer  of  this  vahiable  paper,  it  would  seem  as 
tliough  there  is  some  inconsistency  in  allowing  tlie  boiler  to  rest 
on  any  part  of  the  brickwork  of  the  setting.  It  is  oftentimes 
convenient  to  be  able  to  tear  down  a  setting  for  repairs,  especially 
at  the  front  end,  where  repairs  are  most  often  needed.  It  some- 
times happens  also  that  one  or  both  Avails  of  the  boiler  setting 
have  to  be  changed,  as  w^hen  new  boilers  are  added  to  form  a 
battery.  It  is  also  convenient  in  the  erection  of  a  boiler  to  be 
able  to  hang  the  same  from  girders  and  to.  leave  the  space  under 
the  boiler  free  of  blocking,  thus  facilitating  the  work  of  the  brick- 
layer. Since  putting  in  the  boiler  described  in  my  paper  at  the 
last  meeting,  I  have  in  several  instances  employed  the  same  gen- 
eral principles  of  hanging  the  boiler  as  I  there  described,  and  am 
quite  strongly  convinced  that  the  boiler  should  be  completely 
suspended  and  sTiould  not  rest  in  any  way  upon  the  setting. 
When  setting  boilers  by  this  method  I  usually  hang  them  about 
one  inch  above  their  final  position,  throw  a  brick  arch  over  the 
shell,  using  the  latter  as  a  form,  and  when  the  brickwork  is  com- 
plete the  boiler  is  lowered  about  an  inch,  thereby  leaving  the  same 
unbound  by  the  brickwork  and  providing  an  air  space  over  the 
top. 

Mr.  William  H.  Bnjan.—MY.  Woolson's  objections  as  to  the 
ordinary  method  of  hanging  the  horizontal  return  tubular  boiler 
are  well  taken.  It  must  be  remembered,  however,  that  this  plan' 
of  lugs,  rollers,  and  plates  is  quite  inexpensive,  and  for  this  reason 
alone  will  continue  to  be  used  to  some  extent,  in  spite  of  the  grave 
objections  to  it.  Bad  as  it  is,  it  is  still  a  great  improvement  over 
the  old  methods.  On  Mississippi  Eiver  steamers  and  in  some  sta- 
tionary plants  in  the  Mississippi  Eiver  Valley,  which  follow  river 
practice,  many  of  the  boilers  are  still  supported  on  columns  cast 
with  the  boiler  front,  and  cast-iron  stands  under  the  mud-drums 
at  the  extreme  rear  end. 

Unless  low  first  cost  is  imperative,  boilers  should  always  be 
hung  from  overhead.  I  have  designed  a  number  of  systems  for 
this  purpose.  The  use  of  cast  iron  or  structural  steel  columns  at 
the  sides  to  support  the  cross-beams  is  desirable,  but  adds  greatly 
to  the  cost.  As  a  compromise  I  frequently  rest  the  beams  on  the 
side  walls  on  heavy  cast  or  wrought  iron  plates,  distributing  the 
weight  over  a  considerable  area.  In  such  cases  the  air  space  in 
the  masonry  must  be  omitted  underneath  the  supporting  plates. 
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Fig.  103  indicates  my  most  recent  practice ;  the  cress-beams 
being  channels,  and  links  being  used  to  connect  the  eyebolts  to  the 
lugs  riveted  to  the  boiler  shell. 

The  drawing  also  shows  some  other  points  which  may  be  inter- 
estinof — such  as  the  do\vn-di"aft  furnace,  location  of  steam  dome 
at  the  extreme  rear  to  get  the  dry  steam,  circular  return  at  rear 
end  of  the  furnaces,  and  deflectors  over  front  ends  of  tubes  to 
distribute  the  gases  better. 

This  setting  is,  of  course,  open  to  the  objections  which  Mr. 
"Woolson  mentions,  that  the  entire  weight  may  come  on  three  of 
the  bolts.  This  should  not  happen,  however,  if  the  engineer  at- 
tends to  his  duties.  It  is  as  much  his  business  to  keep  these  nuts 
properly  adjusted  as  it  is  to  keep  the  boilers  clean.  This  drawing 
is  also  open  to  the  objection  that  proper  provision  has  not  been 
made  for  expansion  and  contraction  of  the  boiler  without  inter- 
fering with  the  brickwork.  A  sim})le  computation  shows  the 
expansion  of  a  Kl-inch  boiler  between  32  degrees  Fahr,  and  the 
temperature  of  steam  at  100  pounds  to  be  f  of  an  inch,  which  is 
certainly  too  much  to  be  disregarded. 

Mr.  T.  W.  Hugo. — I  presume  that  one  reason  for  still  retaining 
the  practice  of  suspending  a  boiler  by  brackets  resting  on  the  wall, 
or  otherwise,  is  the  question  of  cost,  which  certain!}^  should  and 
does  come  into  the  calculation,  but  it  seems  almost  too  much  re- 
finement for  the  ordinar}^  boiler  if  we  adopt  Mr.  Woolson's  plan. 
I  do  not  approve  of  the  usual  custom  of  using  brackets,  and  de- 
sire to  call  to  your  attention  to  a  practice  which  has  given  us  good 
satisfaction  in  the  Xorthwest.  I  am  not  aware  whether  or  not  it 
is  common  in  the  East. 

The  first  sheet  of  the  boiler  extends  beyond  the  front  head 
about  nine  inches  and  rests  on  the  boiler  front  casting,  which  is 
made  a  little  heavier  than  the  ordinar3"  front,  while  the  rear  end 
of  the  boiler  rests  on  a  concave  roller,  which  is  placed  on  a  saddle- 
piece  supported  b}""  a  pier  of  firebrick.  Tiiere  are  thus  two  points 
of  support,  and,  when  it  is  fired  up,  the  boiler  is  free  to  adjust 
itself  to  conform  to  any  strain  that  may  be  put  on  it.  The  brick- 
work is  continued  up  over  the  boiler  at  a  distance  of  from  two  to 
four  inches.  The  space  thus  formed  becomes  filled  Avith  a  hot  gas, 
or  other  products  of  combustion,  and  the  flame  is  prevented  from 
sweeping  over  the  boiler  by  check  walls  and,  in  some  cases,  a  back- 
bone of  brick  is  placed  on  the  top,  resting  on  the  boiler,  but 
nothing   interferes   Avith   the   easy   adjustment  of   the  boiler   to 
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conform  to  any  strain,  and  that  without  injuring  the  brickwork. 
We  find  that  the  repairs  account  is  reduced  to  a  minimum.  I  have 
in  mind  boilers  so  set  which  have  not  been  touched  for  eleven 
years  until  last  winter,  and  then  we  had  merely  to  point  up  the 
joints,  and  others  which  have  lasted  nine  years  without  i-e- 
quiring  any  repairs,  but  in  all  those  cases  the  boilers  were  well  set 
in  the  first  place,  which  is  the  great  secret  of  an  economical  set- 
ting. 

Mr.  McBride. — I  agree  with  the  last  speaker  in  regard  to  the 
question  of  cost.  I  think  it  is  very  largely  a  question  of  cost 
why  those  boilers  are  set  in  that  way.  The  boiler  in  itself  has 
such  a  factor  of  safety  over  any  strains  that  are  likely  to  be 
brought  on  simply  by  the  weight  of  the  boiler  itself,  that  I  think 
many  of  those  refinements  can  be  entirely  disregarded.  I  had 
some  boilers  set  as  the  last  speaker  mentioned.  The  front  rested 
on  the  fire  front,  and  about  two  feet  from  the  back  end  rested 
upon  a  cast-iron  leg  set  upon  a  brick  pier.     The  piers  burnt  out. 

I  had  them  built  of  the  best  ordinary  sized  firebrick.  They 
burnt  out  every  few  months.  I  replaced  them  with  firebrick 
made  six  inches  thick,  twelve  inches  wide,  and  two  feet  long,  two 
of  them  to  one  layer,  and  crossed  them.  The}'"  also  burnt  out, 
and  the  thinff  became  such  an  intolerable  nuisance  that  I  discarded 
them  altoo-ether,  and  riveted  luos  on  the  back  end  of  the  boiler 
to  support  it.  You  can  set  one  of  those  fire-tube  boilers  and  run 
it  for  fifteen  or  twenty  years,  and  it  may  be  just  as  good  almost  as 
the  day  you  set  it.  But  take  the  same  boiler  and  take  out  every 
particle  of  work  it  is  capable  of  giving  and  your  furnaces  are 
o-oino-  t()  burn  out.  So  I  think  the  reasonable  thing  to  do  is  to 
hang  it  up  by  ears  at  the  top  and  let  it  go  where  it  has  a  mind  to. 
Let  it  go  and  take  the  brickwork  with  it ;  that  is  better  than  it 
is  to  attempt  to  fasten  it  any  way  and  put  an  extra  strain  on  it. 

If  a  boiler  can  be  hung  in  a  furnace  independent  of  the  brick- 
work entirely,  the  furnace  will  last  very  much  longer  than  if  it  is 
attached  to  it  in  any  way  whatever. 

Mr.  Barnahy. — I  would  like  to  ask  for  a  little  information  con- 
cerning the  expansion  of  boilers.  A  speaker  has  said  that  the  ex- 
pansion of  a  boiler  was  about  f  of  an  inch  in  its  length.  Less 
than  a  month  ago  a  man  who  has  had  considerable  experience  in 
the  design  and  sale  of  boilers  told  me  that  a  paper  was  recentl}-- 
published,  I  think  in  Germany,  where  they  had  made  elaborate 
experiments  and  determined  that  there  was  actually  no  expansion 
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Avliatever  to  a  steam  boiler.  I  would  like  to  inquire  whether 
there  are  an}'  of  the  members  present  who  have  seen  such  an 
article.  I  told  him  I  thought  there  must  be  some  mistake  about 
it,  because  that  was  contrary  to  all  previous  theory  and  experience 
as  to  the  effect  of  heat  upon  metals;  but  he  said  that  there  had 
been  an  elaborate  experiment  made,  and  that  it  was  the  same 
length  when  heated  as  it  Avas  when  cold.  There  is  quite  a  differ- 
ence between  his  statements  and  the  |  of  an  inch  expansion  that 
the  gentleman  has  just  given  us. 

Mr.  Boyer. — There  is  one  thing  in  setting  a  boiler  to  which  I 
do  not  think  attention  has  been  called,  and  that  is  the  steam  con- 
nection from  the  boiler.  It  is  oftentimes  the  case  that  the  steam 
pipe  leaves  immediately  from  the  top  of  the  boiler.  In  our  coun- 
try we  do  not  attach  steam  drums  to  boilers.  I  find  that  question 
of  applying  steam  drums  has  a  great  deal  to  do  with  locality. 
"We  build  without  steam  drums,  making  a  cast-iron  neck  for  steam 
connections,  rarely  going  to  the  end  of  the  boiler  before  we  con- 
nect it  into  a  large  steam  pipe  with  usual  junction  valves.  There 
is  one  objection  Mr.  McBride  has  brought  of  supporting  the  boiler 
in  front  and  having  the  expansion  at  the  back.  There  you  throw 
the  entire  contraction  and  expansion  on  that  steam  pipe,  on  the 
fittings  and  evervthing  joined  with  it,  and  yet  it  is  rare  that  we 
hear  of  the  connections  rupturing.  I  think  in  our  town  we  have 
had  in  the  last  year  three  large  breaks  of  steam  pipes,  and  invari- 
abl}^  they  have  been  in  the  steam  line  outside  of  the  boiler  room. 
Here  we  have  a  battery  of  boilers,  and  it  is  necessary  to  let  one 
down  in  the  centre  or  draw  the  fire  for  cleaning.  Here  come 
this  expansion  and  contraction,  and  the  strain  must  be  taken  up 
on  the  pipe.  There  is  the  danger  point.  I  am  inclined  to  think 
that  this  entire  question  overawes  engineers.  I  do  not  believe 
there  is  half  in  it  they  think  there  is.  Take  our  sectional  tubular 
boilers — I  think  the  danger  is  multiplied  until  it  becomes  a  great 
big  bugbear. 

21  r.  Henning. — I  would  like  to  say  that,  although  the  expansion 
of  the  boiler  is  very  slight,  we  are  talking  now  about  the  relative 
expansion  between  the  boiler  and  its  setting,  and,  if  the  brick  ex- 
pands one  inch  and  the  boiler  one-eighth  of  an  inch,  it  produces 
just  the  same  effect  as  if  the  boiler  expanded  one  inch  and  the 
setting  remained  the  same.  Say  the  boiler  is  heated  to  the  proper 
condition — expansion  under  500  degrees  is  very  small  indeed.  A 
boiler  fifteen  feet  long  would  not  expand  one-eighth  of  an  inch, 
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but  it  is  the  setting  that  expands.  Under  the  same  temperature, 
under  the  temperature  of  the  boiler  of  500  degrees,  due  to  tlie 
steam,  the  temperature  in  the  furnace  and  linings  is  at  the  time 
2,500  degrees.  The  brickwork  of  any  kind  expamls  under  that 
condition  at  least  two  inches  and  a  half  for  fifteen  feet  in  length, 
if  it  were  all  at  a  temperature  of  2,5U0  degrees,  but  as  tlie  outside 
is  colder  than  the  inside,  the  expansion  of  the  setting  is  less  than 
an  inch,  or  about  that.  It  is  hardly  the  expansion  of  the  boiler 
itself  that  causes  the  trouble,  but  that  of  the  setting. 

Mr.  McBride. — In  answer  to  j\[r.  Barnaby's  question  about  ex- 
pansion, I  can  say  that  about  twenty  years  ago  I  measured  a 
boiler  under  the  tem})erature  due  to  about  125  pounds  of  steam. 
The  boiler,  if  I  recollect,  was  IS  or. 20  feet  long,  and  I  recall  very 
distinctly  that  the  expansion  was  about  f  of  an  inch.  The  ex- 
pansion of  a  16-foot  boiler  between  70  degrees  and  350,  accord- 
ingly to  the  coefficient  of  expansion  of  wrought  iron,  would  be 
about  .35  of  an  inch. 

Mr.  Bryan. — My  figure,  |  of  an  inch,  was  simph^  computaition 
based  on  the  assumption  that  the  temperature  of  the  shell  was 
the  same  as  the  steam  inside.     It  was  taken  from  32  dee^rees. 

Colonel  Meier. — I  have  measured  a  boiler  just  as  Mr.  McBride 
said,  and  found  -^^  of  an  inch  expansion  for  a  16-foot  boiler.  I 
measured  it  at  the  rear  end  and  the  front  end  both.  I  had  plumb- 
lines  both  at  the  front  and  rear  ends.     The  front  end  was  fixed. 

Mr.  TIenning. — Did  you  measure  at  the  bottom  of  the  boiler  as 
Avell  as  at  the  top  '. 

Colonel  Meier. — At  both  top  and  bottom. 

Mr.  Hennimj. — Was  it  the  same  at  the  top  as  at  the  bottom? 

Colonel  Meier. — There  was  a  slight  difference.  It  was  a  water- 
tube  boiler.     It  was  not  like  those  "  hung  on  a  fence.'' 

Mr.  Henning. — The  expansion  at  the  bottom  is  about  t\yice  as 
much  as  at  the  top. 

Colonel  Meier.: — This  was  a  water-tube  boiler,  and  the  differ- 
ence between  the  top  and  the  bottom  was  not  quite  a  sixteenth 
of  an  inch. 

Mr.  Charles  W.  Baker. — I  would  like  to  ask  Mr.  Ilenning  how 
he  knows  the  expansion  at  the  bottom  is  double  what  it  is  at  the 
top. 

Mr.  Ilenning. — B}'^  putting  notched  iron  rods  through  the  back 
wall,  and  measuring  at  the  top,  and  doing  the  same  thing  at  the 
bottom.  I  tried  to  find  out  where  the  trouble  Avith  some  boilers 
53 
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1  liiul  set  up  Jiroso,  aiul  1  rouiul  tliiit  it  was  partly  due  to  the 
chauge  of  shape  of  the  boiler,  because  the  tubes  were  in  the  bot- 
tom and  there  were  not  any  tubes  in  the  top,  and  the  expansion 
of  the  tubes  and  the  shell  liaving  the  fire  below  and  the  fire 
through  the  tubes  and  no  lii'e  on  top  caused  that  ])art  of  the  boiler 
to  expand  very  much  more  than  the  top.  I  simply  ])ut  rods 
through  holes  in  the  setting,  and  I  found  at  once  that  the  boiler 
was  ver\'  much  longer  and  had  actually  sagged  in  the  middle  "on 
account  of  the  distortion  of  the  boiler.  The  boiler  does  not  re- 
main a  cylinder,  but  becomes  an  annulus  of  a  ring  of  a  very  large 
curve,  and  somewhat  on  account  of  the  setting  as  well.  The 
principal  forces  are  at  the  bottom  and,  as  that  expands,  the  top 
not  expanding  as  fast,  the  temperature  not  being  as  high,  the 
boiler  is  distorted.  It  is  one  of  the  most  difficult  things  to  say 
what  a  boiler  really  does  do,  but  it  is  not  so  difficult  to  say 
what  the  setting  does,  because  that  can  be  measured  from  outside 
points;  but  there  is  no  setting  that  ever  expands  the  same  at  four 
different  points. 

3Ir.  Barnaby. — I  would  like  to  ask  Mr.  Henning  whether  that 
boiler  was  perfectly  clean,  or  had  scale  on  the  inside. 

Mr.  Henning. — Two  boilers  had  just  been  set  and,  after  the 
second  week's  operation,  we  found  some  trouble  and  some  break- 
ing of  connections.  Just  as  soon  as  we  found  that,  we  made 
longer  connections  and  gave  greater  clearance  in  the  brickwork, 
so  that  tliev  could  bend,  and  we  had  no  further  trouble. 

JMr.  LaForge. — I  do  not  know  that  I  entirely  understand  Mr. 
Henning  and  his  method  of  getting  the  measurement  of  the  ex- 
pansion of  a  boiler.  It  seems  to  me,  though,  that  rods  going- 
through  Avould  be  likely  to  expand  and  contract  as  well  as  the  boiler 
itself.  It  would  be  very  difficult  to  get  the  measurements  with 
any  sort  of  accuracy. 

Mr.  Henning. — I  happened  to  take  one  rod  that  had  been  di- 
vided by  inches,  and  I  inserted  this  same  rod  at  different  points, 
front  and  back,  without  leaving  it  in  any  length  of  time  so  as  to 
produce  considerable  expansion,  and  then  I  measured  the  distance 
I  inserted  this  rod  from  some  boards  set  vertically  and  independ- 
ently of  the  boiler  setting. 

Mr.  William  Garrett. — No  matter  \vhat  the  method  was  by 
which  the  g-entleman  took  the  measurement  of  those  boilers  so  as 
to  know  whether  the  bottom  of  the  boiler  was  longer  than  the 
top,  I  should  think  that  common  sense  would  tell  us  that  the  bot- 


HANGING  AND   SETTING   OF  HORIZONTAL  FIRE-TUBE   BOILER.       bUo 

toin  of  the  boiler,  Laving  more  heat  under  it,  avouIcI  naturally  ex- 
l)and  more  than  the  top  of  the  boiler,  where  there  is  less  heat.  So 
I  have  no  doubt  that  the  bottom  of  the  boiler  is  always   longer 

than  the  top. 

3Ir.  J/<'^/■///(^— Perhaps  it  might  be  well  for  me  to  say  I  meas- 
ured the  boiler  on  the  top  of  tlie  shell  from  the  end  of  the  sheets 
where  they  are  attached  to  tlic  heads.  I  measured  along  on  the 
top  of  the  boiler  on  the  bare  shell.  I  took  my  measurement  with 
a  wooden  rod,  and  the  expansion  was  about  I  of  an  inch. 

Mr.  Baker— I  was  merely  going  to  ask  the  last  speaker 
whether  he  thought  there  was  any  considerable  difference  in  the 
actual  temperature  of  the  metal  at  the  bottom  and  at  the  top  of 
the  boiler  notwithstanding  the  greater  heat  applied  to  it. 

Mr.  Boyer. — In  reference  to  the  expansion  of  the  metal,  prob- 
ably if  we  had  our  "  Haswell "  or  other  reference  books  here  we 
could  very  quickly  determine  Avhat  the  expansion  amounts  to.  I 
cannot  help  thinking  that  this  |  of  an  inch  in  16  or  IS  feet  is 
overdrawn.  I  had  occasion  to  put  a  pipe  under  a  street  for  taking 
liquefied  ammonia  across— a  welded  pipe.  I  wanted  to  test  it,  and 
I  laid  it  on  a  floor.  The  pipe  was  85  feet  long.  I  put  steam 
pressure  on  up  to  80  pounds,  which  gave  me  312  degrees,  and  my 
pipe  elongated  about  §  of  an  inch.  When  you  speak  about  the 
expansion  of  a  boiler  hanging  in  the  lugs,  it  is  not  expanding  all 
one  way,  but  it  is  drawing  to  three  different  points—from  the  end 
of  the  boiler  to  the  lugs  and  from  the  lugs  to  the  centre.  I  still 
think  that  the  working  of  the  boiler  on  its  lugs  is  but  three  or  four 
hundredths  of  an  inch.  I  wish  we  had  here  to-day  Colonel  Haft, 
of  the  New  York  &  New  Haven  Ell.  Company,  to  give  us  a 
description  of  his  boiler  settings,  where  he  is  placing  between  his 
grute-bar  and  boiler  48  inches. 

The  F resident.— T\yaX.  was  for  burning  sparks,  I  believe. 
Mr.  Boyer. — Yes,  sir;  he  is  burning  locomotive  sparks.  When 
they  take  the  locomotives  to  the  round-house  and  open  the  front 
connection  doors,  they  find  collected  on  the  spark-arrester  (wire 
screen)  a  large  quantity  of  small  particles  of  coal  unconsumed,  and 
it  is  this  collection  which  Colonel  Haft  is  using  in  his  furnaces  for 
steam  generating.  If  I  w^ere  installing  a  new  battery  of  plain  hori- 
zontal tubular  pattern  of  boilers,  I  would  build  a  grate-bar  9  feet 
long  and  48  inches  clearance  between  the  grate  and  the  shell  of 
the  boiler.  I  should  burn  soft  coal  and  coke,  the  coal  on  front 
part  (^6  feet)  of  the  grate-bar,  and  have  a  thin  fire  of  hot  coals  on 
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the  back  part  of  the  grate  which  would  admit  of  air  passing 
through,  and  in  so  doing  it  would  become  heated  to  a  high  degree 
(from  1,200  to  1,800  degrees  Fahr.).  This,  when  coming  in  contact 
with  the  distilled  gases  from  the  coal,  would  cause  complete  (or 
nearly  so)  combustion  in  the  combustion  chamber  back  of  the 
bridge  wall  and  in  the  flues  of  the  boiler.  In  my  own  boilers  we 
are  using  this  system,  confined  as  we  are  to  a  6-foot  grate-bar  and 
a  SJr-inch  clearance  between  the  grate  and  boiler,  and  we  get  a 
working  result  with  Pocahontas  or  Kew  River  (soft  Southern) 
coal  of  lOj^  pounds  of  water  to  a  pound  of  combustible. 

Mr.  Orosco  C.  Woolson'^'—\  feel  called  upon  to  say  that  I  was 
morally  certain  that  a  bold  philippic  on  the  subject  of  boiler  set- 
ting would  ai'ouse  some  latent  heat,  and  I  strongly  suspect  that 
had  Demosthenes  turned  his  energies  loose  on  boiler  abuses  instead 
of  on  the  abuses  of  King  Philip,  he  would  have  been  torn  to  pieces 
b}^  the  populace,  but  as  history  records  nothing  of  that  kind,  I 
think  it  fair  to  assume  that  the  Grecian  orator  confined  himself  to 
matters  of  less  importance,  wherein  the  mass  of  the  people  felt 
that  he  was  right,  and  therefore  did  not  annihilate  him  or  even 
declare  him  "  inconsistent,"  through  incorrectly  interpreting  his 
meaning,  nor  was  he  "  hung  on  a  fence,''  or  much  less  Avas  it  sug- 
gested '"to  march  him  around  the  country  on  stilts,"  but  rather 
he  was  cheered  for  his  boldness  and  courao-e  in  telling-  some  whole- 
some  truths. 

I  am  particularly  pleased  to  hear  from  Mr,  Hugo,  for  his 
remarks  take  me  back  just  twenty-six  years,  at  a  time  that  I  set 
several  boilers  in  Ohio  and  Illinois  in  just  the  manner  he  de- 
scribes. 

The  extended  lower  front  half  of  shell  he  mentions,  having  a 
band  of  ^"x  1"  iron  riveted  on,  found  a  lip  to  catch  over  a  semi- 
circular flange  on  the  inside  of  the  front,  fixing  the  boiler  securely 
forward,  the  back  end  resting  on  a  concave  roller,  as  Mr.  Hugo 
describes. 

There  are  several  good  features  attached  to  this  style  of  carry- 
ing a  boiler  in  brickwork,  but,  for  the  varying  conditions  in 
which  boilers  are  placed  and  operated,  I  regard  the  system  pre- 
sented in  my  paper  as  much  superior,  taking  all  things  into 
account. 

The  matter  of  expansion  and  contraction  in  boilers  has  received 

*  Author's  closure,  under  tte  Rules. 
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considerable  attention,  and  I  cannot  refrain  from  saying  I  do  not 
believe  any  one  can  sit  down  and  accurately  determine  just  the 
amount  of  movement  (we  will  not  call  it  expansion)  to  which  a 
boiler  of  any  size  will  be  subject  in  the  brickwork.  I  recall  one 
case  in  a  battery  of  live  tube  boilers  which  T  put  up  in  Chicag'O, 
supported  in  the  manner  described  by  IVfr.  Hugo,  in  which  the 
back  head  had  a  movement  of  nearly  three-quarters  of  an  inch. 
The  shells  of  these  boilers  were  18  feet  long. 

Now,  I  do  not  say  that  this  movement  was  due  to  the  expansion 
of  the  shells  or  to  the  expansion  of  the  brickwork,  or  to  both,  work- 
ing, possibly,  in  opposite  directions,  but  I  feel  that  we  confine  our- 
selves too  much  to  simple  expansion  or  contraction,  due  to  metal 
so  many  feet  long  and  a  temperature  of  so  many  degrees,  and 
conclude  that  that  is  all  there  is  in  it. 

Eeplying  to  Mr.  Barnaby,  I  can  only  repeat  Avhat  I  before  ex- 
pressed, that  I  do  not  believe  it  possible  for  any  one  correctly  to 
determine  just  to  what  extent  a  boiler  will  move. 

That  one  boiler  of  the  same  size  as  another  is  quite  likely  to 
have  a  more  or  less  movement  and  that  all  boilers  move,  some  more 
and  some  less,  there  is  no  question,  and  I  would  not  value  an}^  set 
of  experiments  which  apparently  proved  there  was  no  expansion, 
not  to  say  movement. 

The  particular  movement  in  any  one  boiler  is  constant  under 
like  conditions,  but  the  movement  of  the  l)rick\vork  is  not  con- 
stant, and  for  various  reasons  becomes,  in  many  cases,  much 
more  than  the  boiler. 

I  have  found  t/iis  a  very  common  condition;  sav,  for  example, 
the  setting  is  new  and  the  boiler  fired  up  for  the  lirst  time,  being 
such  a  one  as  described  in  my  philippic,  where  the  boiler  is 
thoroughly  anchored  in  the  mason  work,  so  that  the  moment  the 
shell  begins  to  squirm  and  expand  to  adjust  itself  it  ci'owds  the 
mason  work  and  shortly  cracks  it,  and  in  this  condition  it  remains 
for  the  time,  while  dirt,  dust,  and  bits  of  cement  find  their  way 
into  the  cracks,  thereby  preventing  the  brickwork  from  returning 
to  its  original  position  when  the  setting  is  cooled  down. 

The  logical  and  potent  result  of  this  is  that,  when  fired  up  again, 
the  boiler  goes  through  the  same  movement  as  before ;  but  the 
brickwork  has  got  a  start  already,  and  this  second  boosting  aggra- 
vates the  matter,  and  the  cracks  increase  in  size  and  quite  possibly 
in  number,  until  such  time  arrives  when  the  Avhole  setting  is  so 
free  and  loose  from  the  shell  as  to  be  incapable  of  further  influence 
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from  it,  and  becomes  simply  a  ])oorly  supported  casing,  which 
linally  falls  to  ])ieces,  one  and  two  l)ricks  at  a  time,  in  the  natural 
course  of  events,  till  we  conclude  to  give  it  a  thorough  repair  or 
take  it  down  altogether,  charging  it  up,  of  course,  to  expense 
account  and  innocently  congratulate  ourselves  that  it  is  all  regu- 
lar and  must  be  expected  in  steam-boiler  plants  everywhere,  and 
posslbl}'  shaking  hands  with  ourselves  to  thiidv  we  managed  to 
keep  running  so  long  without  experiencing  more  serious  trouble. 

In  replying  to  the  I'emarks  of  Mr.  Boyer,  which  will  apply  to 
several  others  as  well,  I  am  forcibly  reminded  of  the  thoughts  that 
came  to  me  when  I  concluded  to  write  my  paper,  to  wit :  There 
will  always  be,  perhaps,  a  certain  amount  of  antagonism  between 
the  fire-tube  and  the  water-tube  boiler  advocates,  and  I  am  fi-ee  to 
say  I  expected  to  be  classed  with  the  fire-tube  fraternity ;  yet  a 
careful  perusal  of  my  paper  will  not  justify  such  an  impression. 

There  are  good  features  to  be  found  in  both  styles  of  boilers, 
and  m}"  purpose  was  not  to  create  discussion  on  any  points  except 
such  as  pertain  to  the  horizontal  fire-tube  problem,  and  in  no 
instance  did  I  speak  of  the  water-tube  boiler  as  "  pipe  "  boilers. 
Yet  if  Mr.  Boyer  thinks  by  supporting  a  fire-tube  boiler  somewhat 
after  the  manner  of  the  water-tube  style,  and  assumes  by  so  doing 
that  such  boiler  is  capable  of  "marching  over  the  country,"  then 
my  reply  is :  ''  We  are  now  on  the  march." 

Mr.  Boyer's  remark  that  he  is  an  "  operator  of  boilers,  and  not 
a  builder  of  boilers,"  prompts  me  to  say  that  I  have  been  both 
builder  and  operator  during  the  past  twentj^-eight  years,  and  such 
opinions  as  I  have  formed  about  the  manufacturing,  shipping, 
erectino-,  settino-  and  handlino-  of  boilers  have  been  based  entirely 
on  practical  experience.  If  such  had  not  been  the  case,  I  confess 
I  should  not  have  had  the  courage  that  Mr.  McBride  credits  me 
with. 

Mr.  McBride  evidently  is  not  a  fire-tube  boiler  man  except  from 
force  of  circumstances,  therefore  we  shall  have  no  opportunity  to 
argue ;  but,  taking  his  ow^n  statement  of  expense  with  his  boilers 
during  the  past  twenty  years,  I  am  prompted  to  say  to  him  that 
what  he  needs  is  more  "  refinement "  and  less  repairs. 

One  of  the  objections  to  resting  the  shell  of  a  boiler  on  a  con- 
cave roller  at  the  rear,  or  on  a  leg,  is  just  what  Mi'.  McBride  men- 
tions. 

Under  certain  conditions  of  firing,  this  construction,  continually 
enveloped  in  carbonic  acid,  deteriorates  rapidly.     Still,  if  Mr.  Mc- 
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Bride  had  done  just  the  reverse  and  had  employed  a  very  small 
hard-bni-ned  lire-brick  such  as  are  used  in  steel  works  he  would 
have  had  better  results  than  with  such  large  slabs  of  silicious  ma- 
terial, yet  I  think,  under  the  circumstances,  he  did  well  to  adopt 
other  means  to  support  his  boiler.  At  the  same  time  I  cannot  pre- 
vent mv  thoujjhts  from  reverting;  to  the  last  two  lines  of  the 
second  paragraph  of  my  paper. 

To  reply  fully  to  the  excellent  remarks  of  Mr.  Bryan  would 
occupy  too  much  of  the  time  of  the  Society,  but  by  turning  to  the 
cut  shown  of  the  boilers  he  refers  to  as  his  "  most  recent  practice" 
I  notice  he  has  adopted  several  features  that  I  thought  were  good 
many  years  ago,  but  which,  as  mentioned  in  my  paper,  I  have 
now  abandoned  for  something  [  consider  better. 

By  reference  to  tlie  cut  of  my  wood  furnace  boiler,  which  was 
illustrated  in  the  American  Machinist,  May  14,  1891,  it  Avill  be 
seen  that  I  hung  the  boiler  by  links  to  cross-beams  resting  on 
iron  uprights,  both  fore  and  aft. 

The  cross  /  beams  were  turned  down  flat,  which  reduced  the 
height  required,  yet  they  were  capable  of  doing  this  by  reason  of 
their  particular  close  support,  thus  requiring  but  a  single  beam. 

The  first  paragraph  on  page  YS3  of  my  paper  answers,  I  think, 
some  features  of  Mr.  Bryan's  remarks. 

I  believe  the  circular  return  at  the  rear,  shown  bv  Mr.  Bryan, 
has  its  good  featui-es,  but  it  has  also  a  greater  number  of  objec- 
tionable features,  and  I  therefore  abandoned  it. 

The  dropped  chamber  at  the  rear  I  believe  has  no  i)ractical  ob- 
jections to  it  in  ninety-nine  cases  out  of  a  hundred ;  therefore  I 
adopt  it. 

Of  the  circular  return  shown  in  Mr.  Bryan's  cut  and  that  in 
my  cut  of  1891,  I  prefer  mine  for  this  practical  reason:  In  his  de- 
sign he  places  his  cleaning-out  door  entirely  below  the  shell  of  the 
boiler.  This  door,  if  for  cleaning  out  solely,  should  be  placed 
somewhere  on  the  side  of  the  setting  if  possible  to  do  so.  Where  it 
is  not  possil)le  a  pocket  should  be  located  in  the  paving  back  of 
the  b)'idi!e  wall  and  reached  bv  a  tunnel  from  the  rear. 

"Where  there  is  no  drop  chamber  at  the  rear  there  should  always 
be  a  door  of  liberal  size  up  opposite  the  tubes  to  enable  a  man  to 
easily  examine  his  boiler  head,  even  when  it  may  be  under  steam, 
and  for  that  reason  I  placed  the  door  in  the  1891  cut  up  high  and 
left  out  the  circular  arch  above,  but  I  provided  for  movement  of 
the  boiler,  as  ^vill  be  seen  by  a  glance  at  this  old  cut. 
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The  practice  of  alTording  ample  opportunity  to  get  at  the  shell 
of  a  boiler  for  inspection,  no  less,  than  for  repairs,  is  imperative 
with  me,  for  I  have  been  obliged  to  crawl  a.rountl  under  boilers 
and  lie  on  my  back  on  a  long  inclined  paved  bottom,  with  my 
heels  dug  into  such  crevices  as  couKl  be  found,  to  enable  me  to- 
get  into  some  particular  spot  with  a  hammer  or  a  chisel  and  a 
smoky  lamp,  quite  enough  for  a  life-time,  and  therefore,  if  any 
of  the  tubes  in  the  rear  head,  over  Mr.  Bryan's  circular  return, 
need  expanding  I  should  not  care  to  double  myself  up  on  that 
curve  to  do  the  work,  no  matter  what  particular  tube  it  might  be 
that  needed  attention. 

The  protecting  sleeves  shown  on  ray  blow-off  pipe  are  prefer- 
able to  the  use  of  brick  for  the  following  reasons :  They  are  made 
of  a  more  refractorv  material  than  ordinary  fire-brick,  and  par- 
ticularly bull-nose  fire-brick,  such  as  Mr.  Br3'an  shows,  and  as 
emploj^ed  for  my  purpose  of  protecting  the  pipe,  they  expose 
fewer  joints  than  is  possible  with  a  built-up  sleeve  such  as  he 
shows.  Still,  what  is  more  important,  my  sleeves  being  strung  on 
the  pipe  and  held  up  to  place  with  the  collar  at  the  bottom,  there 
is  no  liability  of  any  of  the  joints  opening  from  settling  of  the 
earth  or  paving  under  the  boiler,  as  would  be  quite  likely  to  occur 
in  Mr.  Bryan's  plan.  In  fact,  with  my  sleeves  there  need  be  no 
fire-clay  joint  exposed  at  all,  because  these  sleeves  being  male  and 
female,  it  requires  onh'  a  small  amount  of  clay  paste  in  each  joint,^ 
and  the  simplest  method  of  making  up  the  whole  length  of  pipe 
covering  is  to  slip  the  several  sleeves  on  to  the  pipe  when  the 
blow-off  is  ready  to  be  screwed  into  the  shell.  And  you  will 
notice  that  these  sleeves  all  slip  down  till  the  iron  collar  at  the 
bottom  rests  on  the  elbow,  thus  leaving  sufficient  exposed  pipe  to 
get  hold  of  it  above  the  sleeves. 

"When  ready  to  clay  the  joints  and  put  the  sleeves  finally  in 
place  it  is  simply  necessar}^  to  get  a  pinch  bar  under  the  collar 
and  force  them  all  up  and  fasten  the  set  screw  and  the  job  is  done 
for  all  time. 

I  am  sorry  not  to  have  heard  more  from  Mr.  Laforge  on  this 
subject  of  hanging  and  setting  boilers,  for  I  value  his  opinions 
greath'  because  he  is  constantly  having  to  meet  the  objections 
inherent  in  different  styles  of  boilers  and  settings. 

I  beo-  to  thank  the  members  for  the  courtesies  extended  to  me 
in  this  discussion,  and  particularly  to  thank  Mr.  Fawcett  for  his 
remarks  and  to  say  he  leaves  me  nothing  to  answer. 
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Ghming. 

In  the  year  1784  an  American  vessel  arrived  in  Liverpool  with 
eight  bags  of  cotton,  which  were  seized  by  the  customs  ofi&cials 
on  the  ground  that  it  coukl  not  possibly  be  American  cotton  ; 
next  year  there  were  five  more  bags  exported,  six  bags  in 
1786,  and  one  hundred  and  eight  bags  in  1787.  This  was  all 
Sea  Island  cotton  [i.e.,  long  staj^le  cotton  i,  for  until  1791,  when 
Whituey  invented  his  cotton  gin,  upland  cotton  ( i.e.,  short  staple 
cotton)  was  practically  unknown.  This  short  staple  cotton  ad- 
hered so  obstinately  to  the  seed  that  an  operator  could  clean 
only  one  pound  per  day. 

Two  years  after  Whitney's  invention  of  the  gin  the  crop  had 
grown  to  five  million  pounds ;  ten  years  later,  to  thirty-five  mil- 
lion pounds ;  and  in  twenty  years  it  had  groAvn  to  eighty-five 
million  pounds,  while  the  estimate  of  the  crop  last  year  (that  of 
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1897)  was  five  thousand  five  hundred  million  pounds.  Of  this 
only  fifty  million  pounds  is  Sea  Island  cotton,  the  remainder 
being  upland. 

In  the  year  1791  two  operators  could  produce  two  pounds  of 
cleaned  cotton  per  day.  With  the  present  system  of  automatic 
feeders,  etc.,  only  two  men  are  required  to  remove  the  cotton 
from  the  wagon  and  attend  to  six  gins  producing  twenty-four 
thousand  j^ounds  of  cleaned  cotton  daily. 

Previous  to  the  invention  of  the  Whitney  gin  a  small  roller  gin 
(invented  in  India  some  centuries  ago.  and  called  a  "  Churka  ") 
was  used.  It  consisted  of  two  rollers  placed  parallel  to  each 
other,  with  a  small  space  between,  and  revolving  in  opposite 

*  Presented  at  tbe  Niagara  Falls  meeting  (June,  1898)  of  the  American 
Societyof  Mechanical  Engineers,  and  forming  part  of  Volume  XIX.  of  the  Irans- 
actions. 
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directions.  One  of  the  rollers  was  smaller  than  tlie  other,  the 
smaller  one  being  of  iron  and  the  larger  of  wood.  The  operator 
turned  the  machine  with  one  hand,  and  fed  in  the  seed  cotton 
with  the  other.  Only  long  staple  cotton  (which  is  easily  de- 
tached from  the  seed)  could  be  cleaned  with  this  machine,  and 
its  output  Avas  about  three  pounds  per  day.  Most  of  the  roller 
gins  of  to-day  are  modifications  of  this  type,  the  widest  depart- 
ure being  that  of  the  McCarthy  gin.  Fig.  lltO,  which  consists  of  a 
leather  roller  and  two  steel  blades,  one  of  the  blades  being  pressed 
against  the  roller,  while  the  other  blade  has  a  rapid  reciprocal 
movement,  and  strikes  the  seeds  as  they  are  drawn  against  the 
edge  of  the  first  blade  by  the  adhesive  action  of  the  cotton  to 
the  rough  surface  of  the  revolving  leather  roller.  This  rapid 
striking  movement  detaches  the  seeds  from  the  fibre. 

The  original  "Whitney  gin  consisted  of  a  drum  with  rows  of 
wire  hooks,  or  teeth,  inserted  in  line  around  it.  As  the  drum 
revolved,  these  teeth  passed  between  a  grate,  or  grid,  the  bars 
of  which  were  sufficiently  far  apart  to  permit  the  teeth  to  pass 
without  touching,  but  so  close  that  the  seed  could  not  pass 
between.  Another  grate,  wide  enough  to  allow  the  cleaned 
seeds  to  drop  through,  was  mounted  to  form  a  hopper  for  the 
seed  cotton,  and  hold  it  against  the  revolving  drum.  The  revo- 
lution of  the  drum,  coupled  with  the  drawing  action  of  the 
teeth  against  the  cotton  in  the  hopper,  caused  the  cotton  also 
to  revolve  and  form  into  a  roll,  thus  resulting  in  continually 
presenting  new  material  to  the  teeth,  and  giving  the  cleaned 
seed  a  chance  to  drop  through  the  wider  grate  forming  the 
hopper.  As  the  teeth,  or  hooks,  passed  through  the  roll,  they 
became  charged  with  filaments  of  cotton,  and  the  seed  being 
held  back,  either  by  the  surrounding  material  pressing  against 
it,  or  by  its  contact  with  the  forward  grate,  caused  the  filaments 
to  be  detached  from  the  seed  and  carried  forward  by  the  drum, 
until  they  were  removed  by  a  brush  revolving  with  greater 
rapidity  in  an  opposite  direction,  and  in  such  a  manner  that  tlie 
bristles  brushed  the  teetli  in  the  direction  in  which  they  were 
inclined.  This  removed  the  filaments  of  cotton  from  the  drum, 
and  the  speed  of  the  brush  was  sufficient  to  clear  itself  b}^  cen- 
trifugal action.  As  will  be  seen  by  the  accompanying  drawing 
(see  Fig.  107),  the  Whitney  brusli  was  four-armed. 

Numberless  patents  have  been  issued  and  a  few  improve- 
ments made  on  the  Whitney  gin,  but  the  principle  remains  the 
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same.  Instead  of  the  wire  teeth  fixed  in  a  drum,  we  have  teeth 
cut  out  of  a  circular  metal  plate.  The  brush  consists  of  a 
drum  with  rows  of  bristles  inserted  lengthwise  across  it,  and 
with  wings  on  the  end  to  give  an  air  current.  Eotatable  plates 
have  been  placed  at  the  ends  of  the  cotton  roll  to  reduce  the 
friction  and  assist  it  in  revolving,  and  perhaps  the  most  impor- 
tant improvement  is  the  mote  board,*  which  regulates  the  cur- 
rent of  air  produced  by  the  wings  on  the  brush  so  nicely  that 
the  current  is  just  strong  enough  to  carry  off  the  cleaned  cotton, 
but  not  enough  to  carry  off  the  motes,  or  immature  seeds,  which 
thus  become  separated  as  wheat  is  from  chaff.  The  addition  of 
this  air  current,  and  the  passing  of  the  cotton  through  Hues  to  a 
lint  room,  or  condenser,  also  materially  assist  in  opening  up 
the  neps  occasionally  caused  by  the  films  of  cotton  doubling 
around  the  teeth  and  becoming  snarled. 

The  lint  room  was  merely  a  large  compartment  or  box  fitted 
with  screen  ventilators,  into  which  the  cotton  was  blown,  the 
ventilators  allowing  the  air  and  dust  to  pass  away. 

In  1878  a  condenser  was  added  and  made  a  part  of  the  gin. 
Tliis  condenser  is  a  revolving  screen,  and  as  the  cotton  is  blown 
against  it  the  air  passes  through,  leaving  the  lint  on  the  face  of 
the  screen  in  the  form  of  a  bat,  the  air  passing  out  through  the 
bottom  and  ends  of  the  condenser,  and  carrying  the  dvist  and 
dirt  with  it,  the  screen,  as  it  revolves,  constantly  presenting  new 
surfaces  to  the  oncoming  cotton.  A  bat  roll  is  placed  over  the 
top  of  the  revolving  screen  and  lifts  the  cotton  from  it,  deliver- 
ing it  into  a  chute. 

Fig.  198  shows  the  gin  with  the  improved  brush  and  lint  room 
as  made  in  1848. 

Fig.  202  shows  the  gin  and  condenser  as  manufactured  at  the 
present  day. 

The  capacity  of  a  roller  gin  is  about  four  hundred  pounds 
daily.  The  capacity  of  the  improved  Whitney  gin  is  four 
thousand  pounds  per  day. 

A  roller  gin  consumes  seventy-one  thousand  foot-pounds  of 
power  for  each  pound  of  cleaned  cotton,  against  thirty-five 
thousand  foot-pounds  on  a  Whitney  for  the  same  quantity. 

The  Whitney  gin  has,  unfortunately  for  itself,  become  known 
as  the  "  saw  gin,"  and  I  will  hereafter  speak  of  it  by  that  term. 

*  Invented  bv  Eleazer  Carver  in  1845. 
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I  say  "  uufortunately,"  for  the  word  "  saw "  has  a  ripping 
sound,  and  has  resulted  in  the  general  aiul  mistaken  belief  that 
this  form  of  machine  is  particularly  injurious  to  the  fibre,  while 
the  actual  facts  are  that  the  saw  gin  does  not  hurt  the  cot- 
ton any  more  than  does  the  roller  gin,  and  neither  of  these 
gins  will  hurt  the  fibre  materially,  unless  run  at  too  high 
speed,  as  the  injury  to  the  cotton  depends  upon  the  sudden- 
ness of  its  detachment  from  the  seed.  Every  sample  of  cotton 
contains  a  portion  of  weak  fibres,  ruuning  all  the  way  from  a 
tensile  strength  of  from  forty-six  to  two  hundred  and  twelve 
grains  (breaking  strain),  and  naturally  the  weaker  fibres  suffer 
the  most  in  ginning.  Cotton  from  saw  gins  shows  a  little  more 
neppiness  than  from  roller  gins,  but  the  cotton  from  the  latter 
will  be  more  curled  and  twisted,  <i-nd  this  curling  in  cotton  is 
very  apt  to  result  in  neppiness  Avhen  being  carded. 

The  cotton  from  saw  gins  is  much  cleaner  than  from  roller 
gins,  and  opinions  for,  or  against,  these  machines  will  depend 
upon  whether  most  attention  is  shown  to  neppiness  or  clean- 
ness. If  the  teeth  in  a  saw  gin  are  made  smooth  and  well 
rounded  at  the  root,  and  curved  so  that  they  will  enter  the 
cotton  at  the  right  angle,  they  will  not  injure  it  unless  run  at  a 
very  high  speed,  but  it  unfortunately  happens  that  most  of  the 
ginning  in  this  country  is  done  by  custom  giuners,  who  get  so 
much  per  bale  for  their  work,  and  whose  interest  lies  "more 
in  the  quantity  they  turn  out  than  in  the  condition  of  the 
cotton  after  it  is  ginned,  and,  as  a  rule,  they  run  their  gins  at  a 
very  injurious  sjDeed.  They  would  do  the  same  with  the  roller 
gins,  however,  and  the  results  obtained  would  be  equally  as  bad. 

A  number  of  tests  made  carefullj^  on  cotton  obtained  from 
saw  and  roller  gins  show  the  following  results,  viz.  : 

2.5  per  cent,  degree  of  neppiness  from  roller  gins. 

2.7  per  cent,  degree  of  neppiness  from  saw  gins. 
Cleanness — 

0.8  per  cent,  of  leaf  from  roller  gins. 

0.00  per  cent,  of  leaf  from  saw  gins. 

1.2  per  cent,  of  crushed  seed  from  saw  gins. 

1.5  per  cent,  of  crushed  seed  from  roller  gins. 

Seven  samples  taken  from  a  hank  of  yarn  made  from  roller- 
ginned  cotton  showed  an  average  deterioration  of  1.4  per  cent., 
while  eight  samples  of  yarn  made  from  saw-ginned  cotton  showed 
an  average  deterioration  of  1.7  per  cent. 
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If  *'  the  man  who  caiises  two  bhxdes  of  grass  to  grow  where 
one  grew  before  is  a  benefactor  to  his  race,"  how  much  more  so 
is  the  man  who  causes  25,000,000  acres  of  land  to  be  tilled  where 
one  was  tilled  before  ? 

This  AVhitney  has  done  for  the  South.  How  has  the  South 
shown  its  appreciation  ? 

Baling. 

The   world's   exports   of   cotton    goods   amounted   to   about 


GINNERS 

STEAM    COMPRESS 

1898. 


Fig.  199. 


),000,000  in  the  year  1896.  Of  this,  95  per  cent,  is  manu- 
factured in  Europe,  and  only  5  per  cent,  in  the  United  States, 
and  only  one-tenth  of  the  latter  amount  is  manufactured  in  the 
South  where  the  cotton  is  grown. 

This  has  necessitated  shipping  the  greater  part  of  the  crop 
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TDany  thousands  of  miles,  and  a  tremendous  outlay  for  freight 
and  bagging.  To  mitigate  this,  many  millions  have  been  ex- 
pended in  order  to  reduce  the  cotton  to  a  density  which  will  give 
ships  and  cars  their  full  capacity  of  tonnage,  which  is  about  40 
pounds  to  each  cubic  foot  of  space  .if  the  package  is  round  it 
would  require  47  pounds  to  the  cubic  foot). 

There  are   about  :«;70,000,000  now  invested  m  the  large  com- 
presses at  central  points,  and    about  $20,000,000  in   planters' 

The  first  system  of  baling  cotton,  used  in  the  years  1780  to 
181«-,  was  that  of  tramping  and  mauling  it  into  round  bags  about 
nine  feet  long  and  holding  about  30U  pounds,  as  shown  m  I  ig  1  Jo. 
This  compressed  the  cotton  to  about  five  pounds  per  cubic  foot. 
Then  was  introduced  the   old-fashioned  wooden   sci^ew   press 
shown  in  Ficr.  198,  which  compressed  to  a  density  of  about  eight 
pounds      Be^tween  the  years  1F40  and  18G0  were  introduced  the 
power  screw  presses,  and  about  1870  the  steam  press  as  shown 
in  Fi-  199      The  latter  two  forms  of  press  are  those  most  m  use 
at  the  present  time,  and  press  cotton  to  about  12  pounds  per 
cubic  foot      The  best  results  from  these  give  but  one-tourth  ot 
a  load      In  1845  was  introduced  the  Tyler  hydraulic  compress, 
nnd  in  1874  the  Morse  steam  compresses  were  introduced  for  the 
purpose  of  recompressing  the  bales  put  up  by  the  planters  and 
Lners     The  immense  outlay  for  such  plants  prevented  then- 
erection  at  other  than  central   points  and   seaports    the    cost 
or  the  compress  alone  being  from  $10,000  to  $60,000,  and  re- 
nuirinc.  a  steam  capacity  of  three  150  horse-power  boilers.    (The 
Lest  f^orm  of  these  is  shown  in  Fig.  200. )  The  pressure  exerted  by 
ttseg"  antic  machines  is  from  5,000,000  to  6,000,000  pounds  on 
each  bale,  or  about  2,«00  pounds  per  square  inch   the  bale  whi  e 
under  the  press  being  reduced  to  about  60  pounds  density  to  the 
cubic  foot;  but  so  far  they  have  been  unable  to  keep  it  from  re- 
expandin^r  when  released  from  the  press,  and  the  average  obtained 
Lonly  2l^.  pounds  per  cubic  foot.     Very  few  bales  "dock  '  at 
Liverpool  with  a  greater  density  than  20  pounds  per  cubic   oo 
In  reexpanding,  the  bales  assume   a  turtle-back  shape,  which 
prevents  their  being  stored  economically  and  -e^^-^^^t^    ^^^^J 
screwing  "  them  into  place  when  stowed  aboardship.     The  leg- 
nlar  ch^rL^es  at  New  Orleans  for  recompressing,  screwing,  etc., 
Ire^'^  04  per  bale,  and  the  job  when  finished  i«  a  mighty  poor 
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The  American  Cottou  Company,  by  their  revival  of  the  cylin- 
drical baling  machine,  have  done  a  great  deal  to  stir  up  the 
planters  and  giuners  to  the  fact  that  their  present  methods  must 
be  improved  or  abandoned.  This  cylindrical  bale  (which  con- 
sists in  winding  a  bat  of  cotton  around  a  core  and  putting  pres- 
sure on  the  layers  as  they  are  wound  by  means  of  receding 
drums  in  sliding  boxes  held  elastically  against  them)  was  first 
made  by  the  E  Carver  Company  at  East  Bridgewater,  Massa- 
chusetts, in  1844,  for  J.  E.  Carver  and  W.  F.  Pratt.  They  spent 
$2,400  on  the  machine,  but  abandoned  it  because  the  mills  ob- 
jected to  the  difficulty  of  unwinding,  and  the  felted  condition  of 
the  cotton  at  tlie  centre  of  the  bale  caused  by  the  layers  creep- 
ing on  each  other,  accumulating  and  concentrating  the  pressure 
towards  the  centre.  Each  layer  was  necessarily  less  dense  than 
the  layer  beneath,  which  it  assisted  in  compressing,  and  the 
bale  could  only  have  an  average  (instead  of  a  uniform)  density, 
which  was  in  inverse  ratio  to  its  diameter.  (This  peculiarity 
was  strikingly  exemplified  some  time  since  at  the  Ordnance 
Dej)artment  at  Washington  when  they  tried  to  wind  a  steel  gun 
core  with  wire,  the  result  being  a  sufficient  accumulation  of 
pressure  towards  the  centre  to  crush  the  core.)  Patents  were 
issued  in  1847  to  Mead,  and  in  1848  to  North,  for  machines  of 
this  type,  but  until  the  improvements  by  Bessonette,  in  1893,  no 
material  progress  was  made  in  bringing  it  into  practical  use. 
There  are  now  thirty-five  plants  established,  which,  last  season, 
put  up  sixty  thousand  bales  of  cotton,  compressed  to  a  density 
of  about  30  j)ounds  per  cubic  foot,  the  pressure  exerted  being 
one  thousand  pounds  to  the  square  inch.  (It  must  be  remem- 
bered that  about  17  per  cent,  is  lost  in  stowing  cylindrical 
packages.) 

Fig.  201  shows  this  form  of  press  as  now  constructed. 

Between  1840  and  1850  two  other  forms  of  pressing  cotton 
were  invented,  one  of  which  had  a  circular  tube  with  a  revolv- 
ing head  containing  a  number  of  cone  rollers  placed  parallel  to 
each  other,  with  a  narrow  space  between.  As  the  head  contain- 
ing the  rollers  revolved,  the  cotton  was  intended  to  feed  between 
them ;  but  the  inventor  failed  to  notice  that  as  one  side  of  the 
roller  rotated  inwardly,  the  other  side  of  it  must  necessarily 
rotate  outwardly,  thus  preventing  any  drawing  in  action  on 
the  cotton.  As  several  other  inventors  have,  within  a  few 
years,    tried    the    same    scheme    with    like    results,    the    prior 
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inventor  lif  still  alive  i  need  not  feel  Lumiliated  at  Lis  want  of 
foresight. 

The  other  form  referred  to  vras  twisting  the  cotton  into  a 
thick  rope  and  coiling  it  on  a  spindle  ;  this  needs  no  comment. 

During  the  past  ten  years  efforts  have  been  made  by  several 
inventors  to  pass  cotton  between  metal  rollers  held  tightly 
together,  and  have  the  rolls  move  reciprocally  over  the  receiv- 
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~.__|P^ -^         ''y^^^^kfFof  48  dia.  137  rer.  per  mitt, 


a  —  Lint  flue. 

b — Condenser  dram. 

c — ^Dnst  fine. 
d-d — Bat-former  aprons. 
S-* —  Compression  rolls. 
/-/-// — Baling  rolls. 

g-g — Cores.  LO«RY 


Section  of  Double  Frass,  Bat-former  and  Condenser. 

h-h  —  Baling  belts.  n-n  —  Piston  rod. 

i-i — Belt  idler.  p-J>-r-i Tension  rolls. 

J-j — Hydraulic  cjlinders.  s-s — Pressure  gatiges. 

kic — Pressure  column.  u — Swinging  chute. 

I  — Press  pnlle J .  ic-ic  — Guides  for  belt  idlei 

m  — Bat-former  ptilley.  .V-.V — Pressure  r^gnlaton. 

«M£RICA>   BMIK  N9TE  CO.,II.T. 

Fig.  201. 
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ing  box,  or  the  receiving  box  move  reciprocally  under  the  rolls, 
thus  folding  the  cotton  into  layers  ;  the  box  in  either  case 
having  a  screw  or  hydraulic  mechanism  attached  thereto  to 
compress  the  layers  of  cotton.  The  greatest  difHculty  found  with 
this  style  of  machine  has  been  to  pass  cotton  between  metal 
rollers  without  injury  to  the  fibre. 

The  latest  distinct  form  of  press  is  that  shown  in  Fig.  202. 
This  press  is  somewhat  of  a  mechanical  problem,  and  the  atten- 
tion of  the  Society,  with  a  view  to  solving  the  principle  involved, 
is-  particularly  requested,   as   its   application   to  a  useful  art  is 
entirely  new,   and  possibly  capable  of  being  much  extended. 
The  press  consists  of  an  inner  sleeve  19  inches  inside  diameter 
at  the  top,  and  drawn  in  to   18   inches  in   the   first  12  inches  of 
length.     This  sleeve  has  a  collar,  or  flange,  and  revolves  on  anti- 
friction bearings,  on  the  shoulders  of  the  stationary  outer  casing. 
Bolted  to  this  outer  casing  is  a  slotted  cap  plate.     Tlie  slots 
are  one-ha'f  inch  wide,  and  run  radially  from  within  an  inch  of 
the  centre  to  the  outer  diameter  of  the  sleeve.     Eight  slots  are 
used  on  the  present  machine.      On  the  inner  sleeve  is  mounted 
a  spur  gear,  by  which  the  sleeve  is  made  to  revolve,  and  a  drawn 
steel  tube,  to  carry  the  bag  for  the  reception  of  the  cotton,  is 
attached  to  the  sleeve  by  a  flange.     In  operation  the  sleeve  is 
first  filled  with  cotton,  sufficiently  tight  to  give  some  pressure 
against  the  cap  plate  ;  the  cotton,  as  it  comes  from  the  gins  and 
condenser,  falls  on  the  cap  plate,  and  some  of  the  fibres  become 
engaged  with  the  cotton  moving  underneath  the  slots.      These 
fibres  draw  in  other  fibres,   with  which  they  are  interlaced,  and 
in  this  way  the  whole  body  of  cotton  on  the   cap  plate  is  soon 
engaged  and  kejit  moving  towards  the  slots.     As  the  cotton  is 
drawn  around  the  lips  of  the  slots  the  upward  pressure  of  the  ma- 
terial in  the  sleeve  squeezes  out  the  air  and  compresses  the  fibres, 
and  there  is  no  opportunity  for  reexpansion ;  this  continuous  in- 
troduction of  new  material  forces  downward  the  material  already 
in  the  chamber.     The  narrowing  of  the  diameter,  or  otherwise 
the  choke  in  the  sleeve,  together  with  the  length  of  the  tube,  gives 
the  resistance  which  regulates  the  density  of  the  bale.     To  give 
a  greater  or  lesser  density  the  choke  is  increased  or  decreased, 
-and  the  tube  lengthened  or  shortened.     With  this  machine,  and 
an  exertion  of  25  horse-power,  cotton  has  been  compressed  to  a 
density  of  8G  pounds  per  cubic  foot.     (Oak  is  but  51  pounds 
to  the  cubic  foot.)     But  in  practice  the  bales  are  only  made  to 
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a  density  of  50  pounds  per  cubic  foot,  as  that  is  sufficient  for 
the  full  utilization  of  any  shipping;  s])ace.  By  taking  in  a  very 
thin  bat  of  cotton,  only  a  small  amount  of  pressure  is  needed  to 


Fig.  202. 


compress  it  to  the  required  density ;  the  large  compresses  find 
it  necessary  to  obtain  a  pressure  of  2,800  pounds  to  the  square 
inch  to  compress  a  full-sized  bale  to  22  pounds  density,  and  the 
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American  Cotton  Company,  with  a  thicker  bat,  require  1,000 
pounds  pressure  to  obtain  a  density  of  30  pounds,  wliile  with 
this  thin  l)at  only  (50  pounds  pressure  to  the  square  inch  is  re- 
quired to  compress  the  cotton  to  a  density  of  50  pounds  to  the 
cubic  foot. 

At  the  inception  of  this  machine  it  was  deemed  impossible, 
by  those  consulted,  to  obtain  enough  frictional  resistance  in  a 
construction  such  as  tliis  on  yielding  material  like  cotton,  to 
obtain  any  amount  of  density,  and  the  first  machine  was  made 
with  3  inches  of  choke  in  24  inches  of  length,  the  chamber  being 
16  inches  diameter  at  the  bottom  and  19  at  the  top.  The  first 
two  bales  came  throii<.>;h,  but  the  third  had  become  so  very  solid 
that  it  could  not  be  moved,  and  it  finally  pushed  off  the  cap 
plate,  stripping  the  thread  from  (he  bolts. 

I  am  of  the  opinion  that  the  resistance  is  created  by  the 
cotton  forming  an  arch,  or  bridge,  using  the  sides  of  the  sleeve 
as  an  abutment. 

The  machines  of  this  type  in  operation  have  a  capacity  of 
about  2,00Q  pounds  per  hour,  running  at  a  speed  of  14  revolu- 
tions per  minute,  and  make  bales  built  up  of  spiral  layers, 
which,  when  opened,  spring  apart,  thus  saving  much  arduous 
labor  at  the  mills,  and  facilitating  the  mixing  of  the  cotton. 

As  will  be  seen  from  the  construction  of  this  machine,  it  is 
inexpensive  to  build,  and  will  easily  come  within  the  reach  of 
the  planters  and  ginners,  thus  doing  away  with  the  recompress- 
ing  and  rehandling  of  cotton  now  made  necessary  by  jDresent 
methods,  and  will  fully  utilize  the  carrying  capacity  of  ships  and 
cars — making  the  saving  on  a  crop  as  large  as  that  of  last  season 
of  over  $40,000,000. 

I  beg  to  acknowledge  my  indebtedness  to  Dr.  Forbes  Watson, 
J.  E.  Carver,  SiUimans  Jonrnal,  and  the  Manufacturers  liecord 
for  much  of  the  preceding  information. 

DISCUSSION. 

Ifr.  S.  N'.  Bourne. — The  ease  in  1  Kindling,  opening,  and  clean- 
ing the  sack  is  a  great  advantage.  The  sack  can  be  turned  back 
to  expose  a  part  or  the  whole  of  the  hole  for  inspection,  and  can 
be  taken  off  intact  and  used  or  sold  again. 

Note. — The  revolving  of  the  cap  plate  with  a  stationary  sleeve  gives  like 
results. 
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In  refl'ard  to  inixino; — 

It  is  very  desirable  to  put  into  a  mixing  at  one  time  the  cotton 
from  several  different  bales,  and  is  much  to  be  preferred  to  the 
pi'esent  custom  of  putting  one  bale  through,  then  another,  and 
so  on,  one  bale  after  another.  You  can  readih^  see  that  this  cot- 
ton which  lies  before  us  is  in  a  verv  convenient  form  for  a  mixins: 
of  this  sort. 

It  seems  to  me  there  is  a  fjreat  future  in  this  bale. 
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DCCLXXXVI* 


FXTENSIOY  OF  THE  STANDARD  UNIFORM  ^lEmODS 
OF  CONDUCTING  AND  REPORTING  STEAM-ENGINE 

TESTS. 

BT   BRYAN   DONKIN,  LONDON,   ENGLAND. 

(Member  of  the  Society.) 

This  snbjeet  has  had  considerable  attention  in  ««  United 
States  for  many  years,  and  valuable  work  has  '^-;  j^™  '  ^^  ^ 
„ore  so  than  in  other  countries.  ^^'^  ^'^■^'^^ '"""f^l'^^V^ 
very  desirable,  and  that  the  time  is  now  ripe  for  he  tmthei  dis 
cussion  ot  tin;  important  matter,  and  with  this  object  he  makes 

"'Motiifo^ftf  m Iffereut  countries  conld  doubtless  be  ob- 
tained i.:  the  future  by  the  adoption  of  such  ff^^^^^^^ 
and  by  more  combined  action.  Eegnlations  ot  this  kind  ^vou  d 
ad  to  the  comfort  and  ease  of  c<,mparing  steam-engine  resu 
of  very  different  types  in  the  United  States  and  Europe.  The 
American  Society  of  Mechanical  Engineers  has  for  some  yeais 
taken  the  lead  in  an  excellent  .and  practical  way. 

Stcmn  Boilers.  Loccnotive  and  P>m,.jnn.j  f«S;"""*-T " 
Society  has  formulated  methods  and  instructions  to  be  used  foi 
test  u''  not  only  steam  boilers,  but  also  locomotive  and  w.atei- 
pumping  -gi"-  This  has  raised  the  Society  lu  the  estimation 
'of  2  enginlering  world  wherever  English  is  spoken,  n  Franc 
and  Germany,  however,  little  or  nothing  is  known  o  the  usetul 
wo  1  wh"ch  has  been  carried  on,  and  steps  should  therefore,  in 
«:  tillers  opinion,  be  taken  to  make  such  methods  more  Largely 

%::•: r:L  I^..or,  E.,,^.,  ..-similar  standa^l  methoas 
of  conducting  and  reporting  these  experiments  ^l'"""; /'^^^f^ 
aests  be  extended  not  only  to  the  important  branch  ot  maiine 
ftim  engines,  but  also  to  factory,  mill,  and  agricultural  engmes, 
and  quick-running  steam^notorsforelect^ 

ot  Mechanical  Engineers,  and   forming  part  of  Volume  ili. 
actions. 
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RoUo'i/  E)uj'ui(\s. — Some  notes  nii^lit  also  l)o  .added  to  include 
the  new  types  of  steam  road  carriages  and  rotary  fixed  engines, 
since  the  efforts  hitherto  made  to  standardize  trials  relate 
ohiefi}'  to  the  reciprocating  tyj)e  of  engine.  At  the  same  time, 
all  tlie  existing  reports  of  your  committees  might  perha])S  be 
remodelled  and  made  up  to  date. 

Gas  and  OH  Jfotors. — It  would  also  be  well  that  a  committee 
should  be  appointed  by  the  Society  not  only  to  take  into  con- 
sideration the  above  questions,  but  also  to  standardize  a 
uniform  method  of  testing  and  reporting  on  gas  and  oil  engines. 
Tliese  extremely  economical  motors  give,  as  is  well  known,  a 
very  much  greater  heat  efficiency  than  steam  engines.  They 
must,  therefore,  have  a  great  future  before  them,  and  the 
sooner  such  methods  of  trial  are  published,  the  better  for 
those  who  make  the  tests  and  those  who  have  to  compare 
them. 

Blank  J^orms. — With  regard  to  the  blank  forms  for  the  different 
types  of  steam  engines,  the  writer  is  of  opinion  that  it  would  be 
better,  and  likely  to  cause  less  confusion,  if  they  were  kept  quite 
separate  and  distinct.  There  should,  he  thinks,  be  different  in- 
structions for  testing,  first,  land  fixed  engines  ;  second,  locomotive 
engines ;  third,  marine  engines;  and  fourth,  water-pumping  engines. 
Any  engineer,  even  if  not  a  member  of  the  Society,  should  be  in 
a  position  to  purchase  these  blank  sheets  separately  for  his  imme- 
diate use.  One  set  should  also  be  drawn  up  for  steam  boilers, 
and  thus  there  might  be  in  all  five  pamphlets,  each  embodying 
complete  instructions.  These  five  pamphlets  could  always  be 
on  sale  at  a  moderate  price  for  engineers,  students,  and  others, 
and  ready  for  any  test.  It  would  be  best  to  have  them  printed 
on  strong  paper,  in  small  book-form,  pocket  size,  as  reference  to 
the  bulky  volumes  of  the  Transactions  is  inconvenient",  and 
taking  copies  of  all  blank  forms  very  troublesome  and  liable  to 
error. 

Another  step,  perhaps  of  equal  importance,  which  the  writer 
begs  permission  to  suggest,  is  that  the  Society  should  have 
these  forms  and  instructions  translated  into  French  and  German, 
and  adapted  to  the  metric  measurements  of  those  countries. 
They  could  then  be  sent,  if  desired,  to  the  most  suitable  institu- 
tions and  societies  in  France,  and  also  to  those  in  Germany, 
Belgium,  Russia,  Austria,  Switzerland,  and  Ital3^  If  these  soci- 
eties have    not  already   a   standard    method   of   making    similar 
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triiils,  it  might  be  suggested  to  them  to  constitute  a  committee 
to  formulate  similar  standard  methods  for  use  in  their  own  coun. 
tries.  It  would  bo  desirable  to  add  that,  if  possible,  the  same 
general  order  should  be  adhered  to  to  facilitate  comparisons 
of  the  different  results  in  different  countries.  In  this  way  we 
may,  in  a  few  years,  hope  to  see  some  approach  to  uniformity  in 
the  records  of  tests  in  the  different  engineering  centres  through- 
out the  world.  In  England  the  Council  of  the  Institution  of 
Civil  Engineers,  London,  at  the  writer's  suggestion,  has  taken  the 
matter  up,  and  the  Thermal  Efficiencies  Committee  (of  which  he 
is  a  member)  will  shortly  issue  their  full  report.  Appendix  I. 
(subjoined)  gives  their  preliminary  report,  published  in  the  spring 
of  1897. 

Another  committee  has  also,  at  the  writer's  suggestion,  been 
lately  appointed  by  the  council  of  the  same  institution,  for  con- 
sidering and  reporting  upon  the  best  set  of  headings  for  standard- 
izing steam  engine  and  boiler  experimental  results.  This  com- 
mittee has  not  yet  issued  any  report  nor  held  any  meetings. 
The  conclusion  arrived  at  in  the  preliminary  report  of  the  Thermal 
Plfficieucies  Committee  is  that  all  steam  and  heat  engine  results 
should  be  given  in  thermal  units  per  indicated  horse-power  and 
brake  horse-power,  and  not  in  pounds  of  steam  per  indicated 
horse-power  and  brake  horse-power  only. 

Dealing  with  so  large  a  subject,  no  -programme  can  ever 
be  final,  but  will  require  revision  every  few  j-ears,  as  science 
advances,  and  better  instruments  are  invented  or  brought 
out. 

The  writer  is  very  glad  to  see  that  Mr.  Barrus,  of  Boston, 
and  others,  are  advocating  similar  standards,  and  also  adapt- 
ing to  modern  requirements  those  already  jmblished  by  this 
Society. 

In  future,  if  the  English  and  American  standard  result  sheets 
for  steam  engines  and  boilers  could  be  issued  in  the  same 
general  order,  it  would  help  to  make  the  experiments  and  ren- 
der comparisons  easier. 

At  present  there  is  no  agreement  amongst  engineers  as  to  the 
best  standard  for  efficiencies  of  steam  engines,  in  order  to  com- 
pare the  results  of  auj^  actual  steam  engines  with  those  of  an 
ideal  engine.  This  difficult  (piestion  has  been  discussed  by  the 
Loudon  Institution  of  Civil  Engineers'  Thermal  Committee,  and 
their  report  will  be  published  shortly. 
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Api>eiulix  II.  contains  a  few  additional  suggestions  of  less  im- 
portance than  those  mentioned  above,  but  upon  which  discussion 
by  the  Society  is  invited. 


APPENDIX  I. 

PRELIMINARY  REPORT  OF  THE  COMMITTEE  APPOINTED  TO  CONSIDER 
AND  REPORT  TO  THE  COUNCIL  UPON  THE  DEFINITION  OF  A 
STANDARD  OR  STANDARDS  OF  THERMAL  EFFICIENCY  FOR  STEAM 
ENGINES.       (LONDON   INST.    CIVIL   ENGINEERS.) 

Your  committee  beg  leave  to  report  that  they  have  now  practi- 
cally come  to  an  agreement  on  the  subject  of  the  reference  to 
them,  and   that  the  draft  report  has  been  drawn  up. 

The  conclusions  to  which  they  have  come  to  are  as  follows : 

(1)  That  the  statement  of  the  economy  of  a  steam  engine  in 
terms  of  pounds  of  feed-water  per  indicated  horse-power  per  hour, 
is  undesirable. 

(2)  That  for  all  purposes,  except  those  of  a  scientific  nature,  it 
is  desirable  to  state  the  economy  of  a  steam  engine  in  terms  of 
the  thermal  units  required  per  indicated  horse-power  per  hour  (or 
per  minute),  and  that,' if  possible,  the  thermal  units  required  per 
brake  horse-powder  should  also  be  given. 

(3)  That  for  scientific  purposes  the  thermal  units  that  would  be 
required  by  a  perfect  steam  engine,  working  under  the  same  con- 
ditions as  the  actual  engine,  should  also  be  stated. 

The  proposed  method  of  statement  is  applicable  to  engines  using 
superheated  steam  as  well  as  to  those  using  saturated  steam,  and 
the  objection  to  the  use  of  the  number  of  pounds  of  feed-water, 
"which  contain  more  or  less  thermal  units  according  to  conditions, 
is  obviated,  while  there  is  no  more  practical  difficulty  in  obtain- 
ing the  thermal  units  per  indicated  horse-power  per  hour  than 
there  is  in  arriving  at  the  pounds  of  feed-water. 

For  scientific  purposes  the  difference  in  the  thermal  units  per 
indicated  hdrse-power,  required  by  the  perfect  steam  engine  and 
by  the  actual  engine,  shows  the  loss  due  to  imperfections  in  tlie 
actual  engine. 

A  further  great  advantage  of  the  proposal  is  that  the  ambiguous 
term  "  efficiency  "  is  not  required. 
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APPENDIX  11. 

1.  Percentage  of  Wate?'  in  Cijlinders. — The  best  way  of  repre- 
senting graphically  the  percentage  of  water  in  the  cylinder  of  any 
steam  engine  after  cut-off  is  a  subject  well  worth  considering.  If 
])ossible,  it  should  be  on  the  same  base  line  as  the  indicator  dia- 
gram. 

2.  "  Cards.'" — The  word  "  cards  "  should,  in  the  writer's  opin- 
ion, be  abandoned  in  all  future  reports  and  discussions  on  this 
subject,  and  the  words  "  indicator  diagrams  "  always  substituted 
for  it.  In  taking  diagrams  from  steam  engines  no  "  cards  "  are 
or  ever  have  been  used. 

3.  Steam  Engine  Indicators,  also  Gas  and  Oil  Engine  Indi- 
cators.— The  public  should  know  the  opinion  of  this  Society  as 
to  the  best  types  to  be  used  in  view  of  the  various  speeds  (from 
fifty  to  five  hundred  revolutions  per  minute),  and  the  tempera- 
tures of  saturated  or  superheated  steam  or  gas  in  these  motors. 

4.  Indicator  Sjn'ings. — A  standard  method  of  testing  indicator 
springs  hot  in  their  indicators.  Should  such  be  recommended  by 
the  committee  ? 

5.  Positio7i  of  Indicators  on  Cylinders  of  Motors. — Advice  should 
be  given  and  attention  paid  to  the  question  of  placing  an  indicator, 
whether  on  a  vertical  or  a  horizontal  cylinder.  The  two  ends  of 
a  cylinder  should  never  be  joined  up  by  pipes.  Each  end  of  each 
cylinder  should  have  its  own  indicator,  and  each  pipe  fixed  with 
as  few  bends  and  made  as  short  as  possible. 

6.  Smoke  Scales  for  Ohservation  of  the  Degree  of  Smolte  Every 
Two  Mimdes  during  a  Ten-hour  Test. — As  the  question  of  smoke 
and  its  prevention  is  likely  to  come  with  increasing  j^romineuce 
before  municipal  authorities,  the  best  way  of  representing  smoke 
by  smoke  scales,  and  standardizing  the  observations  made  on  it, 
should,  the  writer  thinks,  l)e  dealt  with  by  a  committee.  The 
best  method  hitherto  proposed  is  probably  that  suggested  by 
Professor  Eiugelmann  with  five  standard  smoke  scales,  and  pub- 
lished in  November  last  in  the  Engineering  Neios. 

7.  Power  Required  for  Driving  the  Engines  Themselves. — When 
engines  are  tested,  whether  using  steam,  gas,  or  oil,  they  should, 
whenever  possible,  be  indicated  when  driving  themselves  only, 
and  this  information  should  be  added  in  all  tests. 
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8.  Lcakaije. — Pistons  and  valves  should  be  tested  for  leakage  pi 
steam  or  steam  and  water,  wherever  possible. 

9.  Temperature  of  Cylinder  Walls. — The  temperature  of  the 
cast-irou  cylinder  and  cover  walls  should  be  more  often  taken  in 
scientific  tests,  with  the  best  electrical  instruments  now  available. 
The  paper  by  Professors  Callander  and  Nicholson*  may  be  referred 
to  as  the  best  on  this  subject.  The  temperature  of  cylinder  walls 
is  of  great  importance,  as  having  a  large  influence  on  the  con- 
densation of  steam. 

10.  Steam  Jackels. — Whenever  any  parts  of  cylinders  or  re- 
ceivers are  jacketed  with  steam,  a  small  pressure  gauge,  pre- 
viously checked,  should  be  fixed  on  each  jacket,  to  determine  the 
actual  pressure  of  steam.  A  small  tell-tale  quarter-inch  cock, 
opening  into  the  engine-house,  should  also  be  provided  on  the 
same  gauge  fittings,  to  enable  the  engineer  to  see  whether  air, 
steam,  or  water  comes  out  when  the  cock  is  turned  on.  In  im- 
portant tests  such  cocks  should  be  fixed  at  the  lowest  and  highest 
parts  of  each  steam  jacket. 

Note  by  the  Publication  Committee. — Tlie  ground  covered  by  Mr.  Don- 
kin's  paper  was  so  similar  to  tliat  treated  by  Mr.  (jeo.  JI.  Barms,  in  bis  paper 
presented  at  tbe  same  meeting  entitled  "  Plea  for  a  Standard  Metbod  of  Conduct- 
ing Engine  Tests,"  that  tbe  two  papers  were  discussed  in  connection  witb  eacb 
other.  Readers  and  students  are  therefore  referred  also  to  tbe  discussion  of  that 
latter  paper,  which  will  be  found  as  paper  No,  781  at  page  713  of  this  current 
volume  of  Transactions. 

DISCUSSION. 

2Ir.  William  Wallace  Christie. — I  am  heartily  in  favor  of  Mr. 
Donkin's  suggestions.  His  plan  of  using  blank  forms  in  pocket- 
book  size  is  very  good. 

In  making  tests  of  steam  engines  I  have  found  a  great  variety 
of  proportionate  results  when  measuring  the  power  to  move  an 
engine  alone,  and  it  seems  to  me  that  it  would  be  very  advisable 
to  include  it  in  the  new  tabulation. 

The  boiler  pressure,  and  admission  pressure  of  steam  to  cylinder 
as  well  as  M.  E.  P.,  should  be  noted. 

We  hear  so  much  about  low  coal  consumption  per  engine  indi- 
cated horse-power  along  with  close  figuring.  Should  the  economy 
of  engines  be  given  in  thermal  units  per  net  horse-power,  that  is, 
total  indicated  horse-power  less  horse-power  required  to  run  engine 

*  Read  before  London  Inst.  Civil  Engineers  this  winter. 
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alone,  some  tests  might  change  places  and  some  types  of  engines 
now  in  the  first  row  might  V)e  given  seats  further  back. 

It  would  be  verv  much  appreciated  by  all  engineers  if  there 
could  be  such  a  standardizing  of  tests,  etc.,  as  is  suggested  by  the 
writer  of  this  paper,  and  also  by  Mr.  (1.  II.  Barrus'  paper  pre- 
sented at  this  meeting. 

Prof.  R.  a  Carpenter.— rho  pajKN-  by  Mr.  Bryan  Donkm,  ot 
Londcm  Eno-land,  calls  attention  to  the  desirability  of  adopting  a 
standard  method  of  engine  testing  which  shall  be  used  by  engi- 
neers both  in  this  country  and  in  England.  I  think  tliat  all  the 
members  of  the  American  Society  of  Mechanical  Engmeers  wouUl 
be  pleased  to  see  a  uniform  method  employed  by  all  the  English- 
speakino-  people.  They  already  employ  the  same  system  of 
weio-hts°and  measures,  and  it  does  not  seem  to  me  that  there 
should  be  any  very  great  difficulty  in  agreeing  on  a  common  basis 
for  conducting  engine  trials.  _ 

In  Appendix  I.  to  Mr.  Donkin's  report  attention  is  called  to 
the  desirabilitv  of  reporting  results  in  thermal  units  instead  of  in 
poumls  of  steam.  Professor  Aldrich  has  already  called  the  atten- 
tion of  the  Societv  to  the  desirability  of  adopting  the  thermal  unit 
as  a  standard,  and'  consequently  the  matter  has  been  fully  discussed 
by  the  Societv.  There  is  no  question  but  that  the  thermal  unit  is 
a"  better  standard  than  the  weight  of  water  or  coal  per  unit  of 
work  performed,  but  it  should  also  be  borne  in  mind  that  the 
value  of  the  thermal  unit  increases  with  an  increase  in  absolute 
temi^erature,  and  hence  it  cannot  form  a  standard  unqualdied  by 
existino-  conditions.  It  also  strikes  the  writer  that  the  old  stand- 
ards of"  weioht  should  be  retained,  and  not  replaced  entirely  by 
the  newer  and  more  scientific  one  relating  to  the  thermal  value. 
I  think  that  room  can  be  found  in  the  reports  for  expressing  re- 
sults in  terms  of  several  standards. 

Appendix  II.  of  the  paper  calls  attention  to  some  desirable  meth- 
ods in  connection  with  engine  tests,  regarding  which  the  writer 
desires  to  refer  to  onlv  those  under  the  numbers  1,  4,  and  lU. 

^o  1  —The  percentage  of  water  in  cylinders  is  shown  graphi- 
callv  in  a  very  accurate  manner  during  the  expansion  period,  by 
the'constructi'on  of  a  saturation  curve  for  the  same  weight  of  steam 

as  emploved  in  the  engine.  ^  .,      o     ■  .     ^ 

The  wViter  has  already  called  the  attention  of  the  Society  to 
the  advantages  of  this  curve  (see  vol.  xv.,  page  004,  of  the  Trans- 
actions) for  determining  the  quality  of  the  steam  during  expan- 
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sion,  and  also  to  the  fact  that  bv  its  use  the  heat  intorclianges 
may  be  coin}Hited  very  easily  and  with  a  high  degree  of  accuracy. 

flegarding  the  method  of  testing  indicator  springs,  the  Avriter 
has  used  with  great  satisfaction  for  several  years  past  a  simple 
form  of  apparatus,  which  is  shown  in  the  paper  presented  befoi-e 
the  Societv  in  ISO-').*  The  apparatus  consists  of  a  chamber  into 
which  steam  of  any  pressure  can  be  supplied.  This  chamber  is 
connected  with  a  small  piston  accurately  standardized,  supported 
bv  a  stirrup,  which  is  suspended  in  its  turn  from  the  short  end  of  a 
scale  beam  resting  on  knife  edges.  The  piston  is  kept  in  rotation 
^vithout  affecting  in  any  way  the  pressure  acting  against  it,  and 
an  attachment  can  be  put  on  by  means  of  which  the  drum  is 
given  the  same  alternate  swinging  motion  as  in  use.  By  this 
device  Ave  have  found  it  possible  to  calibrate  the  indicator  s})rings 
verv  quickly  and  delicately  under  conditions  which  are  similar  to 
those  in  actual  use.  Tests  made  with  the  indicator  springs,  cold 
and  hot.  show  that  considerable  difference  is  found  in  the  results, 
and  that  consequently  tests  of  the  indicator  springs  when  cold 
should  not  be  given  any  considerable  weight.  Before  adopting 
this  apparatus  indicator  springs  were  tested  in  Sibley  College  by 
comparison  with  a  mercury  column.  The  results  of  such  a  cal itera- 
tion usually  indicated  irregular  extensions  of  the  springs  with 
constant  increments  of  load,  and  as  similar  irregular  results  have 
been  published  in  connection  with  the  use  of  the  mercury  column 
in  the  Xavy  Department  for  this  purpose,  I  presume  such  experi- 
ence is  common.  A  later  investigation  show^ed  that  the  irregu- 
larity was  due  to  a  wave-like  motion  of  the  mercury  in  the  column, 
rather  than  to  any  irregularity  in  the  elasticity  of  the  spring. 
"When  the  mercury  column  had  an  electrical  connection  which 
made  an  automatic  record,  the  irregularity  seemed  to  be  magni- 
fied. AVith  the  simple  apparatus  described  and  illustrated  in  the 
above-mentioned  paper  no  difficulty  whatever  has  been  experi- 
enced in  obtaining  regular  increments  of  load,  which  result,  I 
believe,  must  happen  in  every  case  with  a  perfect  spring  which  is 
not  strained  beyond  its  elastic  limit. 

The  writer  is  also  of  opinion  that  steam  gauges  are  more  con- 
veniently standardized  by  the  use  of  a  similar  apparatus  than  of 
the  mercurv  column.     The  mercury  column  is  very  accurate  when 


*  Constants  for  correcting  indicator  springs  wLicli  have  been  calibrated  cold. 
Transactions  A.  S.  M.  E.,  vol.  xv ,  p.  454,  paper  No.  ^524. 
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Oermaii  Engineei-s  to  adopt  a  standard  method  of  testing  en- 
gines, and  I  think  investigations  have  also  been  made  in  France, 
and  it  seems  to  me  tliat  if  any  committee  is  appointed  for  this 
•  purpose  it  should  be  international,  just  as  the  Committee  on 
Standard  Tests  of  Materials  is  international.  I  only  offer  that  as 
a  suo-o-estion. 

J/;*.  Fraticis  11.  Bayer. — Mr.  Donkin's  paper  refers  to  the 
necessity  of  taking  account  of  the  effect  of  the  temperature  of 
cylinder  -walls  in  testing  engines.  AVe  have  had  some  very  fine 
papers  on  cylinder  condensation  recently,  and  I  would  refer  par- 
ticularly to  one  by  a  junior  member  of  the  Society.  By  your 
permission  I  will  use  the  board  to  make  clear  my  point. 


5W  feet  piston  speed  per  niluute. 

Fig  204. 


In  using  the  indicator,  our  instruments  often  show  the  effect  of 
this  cylinder  wall  condensation,  and  in  this  way.  We  will  have 
an  expansion  curve  starting  off  at  cut-off  and  then  a  jog,  and  the 
curve  is  completed  by  another  running  down  to  the  terminal 
point.  I  have  often  asked  our  makers  why  Ave  do  not  ])roduce 
as  good  variation  cards  with  our  American  instruments  as  we 
can  with  the  German  ones.  Their  reply  comes  back  that  it  is  a 
defect  in  our  instrument.  I  hold  it  is  not.  Let  us  consider  the 
problem. 

At  atmospheric  pressure  of  the  exhaust  line  we  have  a  temper- 
ature of  212  degrees.  At  SO  pounds  steam  we  have  a  temperature 
of  312  pounds  ])er  square  inch.  Xow,  as  this  steam  has  entered 
the  cylinder  and  the  })ressure  falls  after  cut-off,  the  temperature 
reduces  in  the  same  proportion,  and  the  water  which  has  been 
condensed  upon  the  cylinder  walls  becomes  revaporized  to  the 
extent  of  the  range  of  temperature  between  312  and  whatever 
temperature  it  may  come.     That  causes  this  increase  in  pressure. 
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You  can  take,  for  instance,  272  degrees  at  the  centre  here,  which 
would  represent  a  falhng  off  of  40  degrees,  and  at  this  ])oint  this 
condensation  which  is  on  the  walls  of  the  cylinder  bursts  forth, 
due  to  the  amount  of  heat  which  is  in  excess,  and  which  passes- 
from  the  heat  held  in  the  water  to  a  vapor.  Dr.  Emery,  if  he 
were  here,  I  am  sure,  would  bear  me  out  in  this,  because  I  think  it 
was  some  twenty  years  ago  that  he  was  called  on  by  the  Govern- 
ment to  give  a  reason  why  it  was  not  possible  to  heat  water  to  an 
intense  degree  and  let  it  burst  into  steam,  the  reason  being,  if  I 
am  correct,  because  there  w^ere  not  the  heat  units  in  the  water 
siffficient  to  throw  it  into  a  hot  vapor.  Membei's  who  come  from 
Boston  may  know  about  the  attempt  to  put  a  heating  sN'stem 
through  Boston  by  hot  water  under  pressure,  and  you  know  the 
terrible  failure  they  had.  AVhy  was  it?  They  had  water  up  to  a 
pressure  of  500  pounds  per  square  inch,  but  there  was  too  little 
energy  in  the  heated  water  itself ;  it  is  in  the  latent  heat  of  steam 
that  we  get  so  much  of  energy,  and  that  heating  power  the  hot 
water  did  not  have.  There  was  the  defect.  That  same  law  holds 
good  in  our  indicator  tests.  Xow  we  find  this  phenomenon 
mostly  in  our  cylinders  on  our  rapid  engines,  and  engines  w^hich 
have  a  great  cylinder  sweep.  As  I  just  said,  we  get  hold  of  a 
good  many  instruments  which  don't  show  that  effect,  and  yet 
some  of  the  German  instruments  will  show  it  perfecth'.  I  cannot 
explain  it,  but  I  would  like  to  call  the  attention  of  the  meeting  to 
the  fact. 

Mj\  Bryan  Donlcin.^ — I  note  with  pleasure  that  the  Council 
were  authorized  to  appoint  a  committee  to  consider  the  question 
treated  in  these  papers.! 

"With  regard  to  Professor  Carpenter's  interesting  remarks,  I 
quite  agree  with  him  that  it  w^ould  be  very  desirable  to  retain  the 
old  standards  of  pounds  of  water  per  horse-power  and  boiler- 
power  per  horse-power,  introducing  at  the  same  time  the  new  and 
more  accurate  method  of  thermal  units,  as  suggested. 

*  Author's  closure,  under  the  Rules. 

f  The  committee  consisted  of  Messrs.  Boyer,  Barrus,  Donkin,  Jacobus,  and 
Richmond. 
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SOMB    OF    THE    MECHANICAL    FEATURES     OF    THE 
POWER  DEVELOPMENT  AT  NIAGARA  FALLS. 


BY    1)K.  COLEMAN  8EIXEKS.  I'lUI.ADELPIIlA,  PA. 

(Member  of  the  Society  ami  Past  President.) 


In  addressing  jou  as  cliief  engineer  of  tlie  Niagara  Falls 
Power  Company,  in  regard  to  some  of  the  mechanical  features 
of  the  power  development  at  Niagara  Tails,  I  desire  to  make  a 
brief  statement  concerning  the  organization  of  the  company 
which  has  accomplished  the  work  in  question.  It  must  be 
understood  that  the  development  thus  far  has  been  conducted 
by  the  Cataract  Construction  Company,  the  officers  and  direc- 
tors of  which  practically  control  the  allied  corporations  includ- 
ing the  Niagara  Falls  Power  Company,  and  have  appointed  the 
engineering  staff  by  which  the  operations  of  these  several  com- 
panies have  been  conducted. 

With  confidence  in  the  ultimate  financial  success  of  the  project, 
the  leading  capitalists  interested  have  patiently  watched  the  prog- 
ress of  the  work,  and  some  from  the  outset  have  individually 
taken  a  prominent  and  active  part  in  the  consideration  of  the 
technical  questions  involved,  as  viewed  from  the  standpoint  of 
sound  business  experience.  At  times,  under  the  advice  of  its 
engineering  staff,  the  Cataract  Construction  Company  has  pro- 
ceeded in  direct  opposition  to  the  opinions  of  men  prominent  in 
the  scientific  world,  after  careful  study  of  the  questions  pre- 
sented from  a  commercial  as  well  as  from  an  engineering  stand- 
point, realizing,  as  the  results  have  since  justified,  that  it  was 
necessary  so  to  act  from  full  conviction  in  a  matter  where  there 
was  so  little  established  precedent  to  serve  as  a  guide. 

The  plan  of  utilizing  the  power  of  Niagara  Falls  as  proposed 
by  the  late  Thomas  Evershed,  while  Chief  Engineer  of  the  State 
of  New  York,  contemplated  the  construction  of  a  tunnel  under 
the  town,  which  tunnel  was  to  constitute  a  tail-race  from  the 

*  Presented  at  the  Niagara  Falls  meeting  (June,  1898)  of  the  American  Society 
of  Mechanical  Engia.ers,  and  forming  part  of  Volume  XIX.  of  the  Transactions. 
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turbines  or  water  wheels  of  factories  to  be  located  on  land 
above  the  American  Eapids,  in  contradistinction  to  the  plan  of 
placing  the  turbines  and  factories  at  the  river  below  the  Falls, 
and  bringing  the  water  to  them  by  a  long  canal.  The  Evershed 
plan,  while  presenting  great  advantages,  not  only  called  for  a 
large  amount  of  capital,  but  the  active  influence  of  men  of  broad 
business  experience,  who  possessed  the  confidence  of  leading 
financiers  in  this  country  and  abroad.  Mr.  William  B.  Rankine 
and  Mr.  Francis  L^-nde  Stetson  w^ere  induced  to  take  the  matter 
up,  and  in  1889  sought  the  advice  and  cooperation  of  Mr. 
Edward  D.  Adams,  of  New  York,  who  subsequently  was  elected 
jDresident  of  the  Cataract  Construction  Compan3\ 

These  gentlemen,  while  appreciating  the  advantages  offered 
by  the  Evershed  j^lan,  looked  beyond  the  mere  project  of  estab- 
lishing factories  operated  indejDendently  by  their  respective 
water  wheels,  to  the  possibility  of  generating  power  at  a  central 
point  where  it  could  be  utilized  in  the  immediate  neighborhood, 
or  transmitted  to  a  distance,  after  the  manner  practised  abroad, 
particularly  in  Switzerland,  where  several  such  plants  were  in 
operation. 

In  1890  Mr.  Adams  devised  a  plan  whereby  the  Cataract  Con- 
struction Company  could  become  fully  informed  as  to  the  then 
most  approved  methods  of  developing  water  power,  and  its 
transmission  and  utilization.  Early  in  that  year  I  was  retained 
by  the  comj^any  as  consulting  engineer,  and  at  Mr.  Adams's 
request  I  joined  him  in  London,  w^here,  through  my  membership 
in  the  Institution  of  Civil  Engineers  and  our  intimacy  with 
scientists  in  England  and  on  the  Continent,  Mr.  Adams's  plan 
of  organizing  the  International  Niagara  Falls  Commission  was 
perfected.  The  object  of  this  commission  was  to  obtain  and 
consider  plans  submitted  by  engineers  and  engineering  firms, 
for  the  generation  of  power,  and  the  transmission  of  that  power 
to  Buffalo  and  to  other  accessible  markets.  The  engineers  thus 
invited  to  submit  plans  received  compensation  on  account  of 
the  expense  involved,  and  had  also  an  opportunity  to  obtain 
certain  premiums  if  their  plans  proved  deserving  of  such  recog- 
nition. 

You  are  all  probably  aware,  from  what  has  already  been 
made  known  on  the  subject,  that  the  amount  of  valuable  infor- 
mation thus  obtained  seems  now  quite  limited  as  compared  to 
what   has   since  been  discovered  and   adopted.      There  were, 
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however,  certain  recommendations  made,  the  most  important  of 
which  determined  the  sizes  of  the  units  of  power  and  tlie  speed 
of  the  turbines.  Five  thousand  horse-power  for  each  unit  of 
power  was  proposed  as  conservative  and  safe,  although  previ- 
ously there  had  never  been  any  tu.rbines  made  of  greater  capa- 
city than  one  thousand  horse-power.  Two  hundred  and  fifty 
revolutions  per  minute  was  decided  upon  as  the  speed  most 
likely  to  be  advantageous  in  generating  electricity,  and  this  -was 
adopted  in  advance  of  any  decision  as.  to  the  electrical  system 
to  be  used.  The  turbines,  of  which  I  will  speak  later,  were 
ordered  on  this  basis,  and  their  construction  well  advanced  long 
before  the  dynamos  had  been  ordered  which  they  were  to  drive, 
and  prior  to  the  adoption  of  the  alternating  current  as  the 
electric  system  to  be  employed. 

I  am  at  liberty  to  sa}^  that  although  at  the  time  of  the  meet- 
ing of  the  International  Commission  the  consensus  of  opinion 
among  electricians  of  note  was  decidedly  in  favor  of  the  use  of 
the  direct  current  for  the  transmission  of  poAver,  yet  Mr.  Adams, 
almost  immediately  upon  his  return  from  Europe,  parted  with 
his  interest  in  electrical  companies,  that  he  might  feel,  without 
bias,  free  to  adopt  whatever  system  might  be  found,  upon  a 
careful  investigation,  to  be  the  best  for  the  ultimate  success  of 
the  Niagara  enterprise.  Many  of  those  who  had  invested 
largely  in  this  enterprise  were  pecuniarily  interested  in  further- 
ing the  construction  of  machinery  for  the  direct  current,  yet 
Mr.  Adams  accepted  the  position  of  president  of  the  Cataract 
Construction  Company  with  the  clear  understanding  with  those 
interested  with  him  in  the  undertaking,  that  he  would  be 
upheld  by  them  if,  in  his  judgment,  the  alternating  current 
should  prove  to  be  the  best  system  for  this  particular  case. 
Many  able  engineers,  at  home  and  abroad,  submitted  to  the 
commission  ingenious  and  well-worked-out  plans  for  the  gener- 
ation of  power  and  its  transmission,  yet  the  Westinghouso  Elec- 
tric and  Manufacturing  Company,  the  makers  of  the  dynamos 
now  in  use,  refused  to  take  part  in  the  competition,  feeling  con- 
fident that  any  scheme  presented  in  1890  would  not  be  such  as 
they  would  be  in  position  to  offer  three  years  later,  by  which 
time  the  Cataract  Construction  Company  would  have  decided 
on  the  kind  of  current  and  the  character  of  the  machinery  they 
would  need  to  meet  such  demands  as  might  be  made  to  them  for 
power. 
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Before  proceeding  to  describe  some  of  tlie  most  interesting 
of  the  mechanical  features  of  the  machinery  to  which  I  shall 
mainly  direct  your  attention,  I  must  explain  the  advantage 
gained  by  the  adoj)tion  of  the  tunnel  tail-race. 

In  regard  to  the  tunnel  proposed,  the  question  has  been  re- 
peatedly asked,  even  quite  recently,  what  particular  advantage 
the  Evershed  scheme  of  a  tunnel  tail-race  has  over  a  surface 
canal  leading  to  the  deep  gorge  below  the  Falls,  at  which  point 
a  much  greater  head  for  the  turbines  can  be  obtained  than  is 
now  utilized  on  the  land  above  the  Falls.  More  than  forty-five 
years  ago  a  canal  was  built,  which  supplies  water  to  factories 
which  are  situated  on  the  high  land  bordering  on  the  river  below 
the  Falls,  by  the  shortest  possible  route  obtainable  through  the 
city.  This  was  on  a  right  of  way  100  feet  wide  (50  feet  of  which 
w^as  made  available  in  the  first  place).  At  the  time  that  this 
canal  was  built  the  city  was  a  mere  village,  and  property  had  less 
value  than  at  present.  To  develop  the  amount  of  power  which  is 
rendered  available  by  the  present  tunnel,  which  avoids  the  sur- 
face of  the  ground  and  was  obtainable  without  excessive  cost  for 
right  of  way,  would  require  a  surface  canal  of  much  more  impos- 
ing dimensions  than  would  at  first  appear  to  be  necessary. 
Such  a  canal  would  have  to  be  at  least  300  feet  wide,  and  from 
15  to  20  feet  deep,  and  would  pass  through  valuable  improved 
and  unimproved  city  lots;  and,  furthermore,  upon  reaching  the 
gorge  there  would  be  no  large  area  available  for  the  erection  of 
many  buildings. 

The  tunnel  plan  rendered  available  a  large  amount  of  rela- 
tively cheap  unimproved  land,  which  will  give  ample  room  for 
a  great  development  of  independent  power  plants  ;  although,  as 
a  matter  of  fact,  at  the  present  time  there  is  but  one  such,  that 
of  the  Paper  Company,  which  takes  nominally  about  7,200  horse- 
power in  water  from  our  canal  and  discharges  into  our  tunneL 

The  tunnel  of  the  Niagara  Falls  Power  Company,  in  a  direct 
line  from  the  power  house  to  the  lower  river,  can  be  relied  upon 
to  carry  away  the  water  from  the  turbines  at  a  speed  of  at  least. 
27  feet  per  second,  and  is  siifficient  in  size  to  permit  the  utiliza- 
tion of  100,000  horse-power  from  wheels  under  136  to  140  feet 
head.  The  details  of  the  construction  of  the  tunnel  and  of  the 
canal  which  carries  w^ater  to  the  wheels  in  the  power  house,  as 
well  as  to  the  turbines  in  the  great  paper  mill  below  the  power 
house,  have  been  already  described  by  others. 
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As  for  the  engineers  engaged  on  the  work,  m}-  own  connection 
with  the  project  began  late  in  1889,  when  I  was  asked  to  report 
on  the  practicability  of  transmitting  power  by  electricity;  and 
after  visiting  the  location  with  Messrs.  Adams,  Stetson,  and 
Eankiue  I  submitted  a  report  on  the  cost  of  tunnel  and  canal. 
I  was  then  appointed  consulting  engineer  and  chairman  of  a 
board  of  engineers  consisting  of  Albert  H.  Porter  as  resident 
engineer,  Clemens  Herschel  as  hydraulic  engineer,  George  B. 
Burbank,  engaged  in  the  same  work  as  Mr.  Porter,  and  John 
Bogart,  then  Chief  Engineer  of  the  State  of  New  York,  as  con- 
sulting engineer.  Col.  Tlieodore  Turrettini,  Director  of  the 
Public  Works  of  Geneva,  Switzerland,  was  also  a  member  of 
this  board  and  the  foreign  consulting  representative,  having 
supervision  of  the  work  and  designs  that  were  made  in  Switzer- 
land by  Messrs.  Paescli  &  Piccard.  W.  A.  Brackenridge,  now 
resident  engineer,  was  a  division  engineer  for  the  Cataract  Con- 
struction Company  from  April,  1891,  to  1894  ;  engineer  in  charge 
of  work  for  Cataract  Construction  Company  and  associated 
companies  from  1894  to  1898  ;  and  at  the  present  time  is  engineer 
in  charge  of  all  construction  work  of  the  Cataract  and  asso- 
ciated companies,  including  the  Niagara  Falls  Power  Company, 
Niagara  Development  Company,  Niagara  Junction  Railway  Com- 
pany, and  the  Niagara  Falls  Waterworks  Company,  and  under 
his  supervision  and  to  his  plans  the  extension  of  the  wheel-pit 
has  been  made. 

Mr.  L.  B.  Stillwell,  electrical  director  of  the  Cataract  Con- 
struction Company  and  the  Niagara  Falls  Power  Company, 
has  been  for  many  years  connected  with  the  Westinghouse 
Electric  and  Manufacturing  Company  at  Pittsburg,  and  as 
a  member  of  the  staff  of  that  company  has  had  charge  of  our 
work  from  1893  in  the  interest  of  the  Westinghouse  Com- 
pany. In  1890  91  he  was  in  Europe  studying  the  problem  of 
electrical  transmission  of  power,  and  is  therefore  an  electrician 
possessed  of  the  fullest  knowledge  of  our  present  wants  and  of 
each  step  in  the  wdiole  progress  of  the  work.  Since  he  has  had 
supervision  of  the  power  as  electrical  director  he  has  devoted 
much  attention  to  novel  devices  required  by  the  establishments 
taking  power  from  the  company,  and  to  the  introduction  of  safe- 
guards against  accidents  of  all  kinds,  not  only  to  the  electrical 
machinery  in  the  power  house,  but  to  the  lines  of  distribution. 
The  amount  of  energy  handled  has  for  a  long  time  been  unpre- 
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cedeiited,  and  as  each  new  unit  is  added  and  tlie  load  increased 
on  all  the  dynamos  working  in  parallel,  the  opportunity  to- 
obtain  data  of  great  importance  has  increased.  Long  series  of 
experiments  have  been  conducted  with  existing  circuit-breakers 
and  fuses,  new  lines  of  thought  have  been  presented  to  the 
makers  of  electrical  machinery,  which  have  suggested  appli- 
ances to  enable  them  to  meet  the  requirements  of  the  largest 
power  plant  in  the  world,  and  to  sustain  and  improve  its  record 
of  stability. 

It  will  be  seen  that  the  present  engineering  force  has  been, 
educated  up  to  the  high  requirements  of  an  enterprise  which  is- 
unique  in  more  respects  than  mere  size.  As  the  plant  has 
grown,  as  the  output  has  increased,  as  new  industries  have 
called  for  new  conditions,  the  work  has  been  one  long  and 
exhaustive  study  on  the  part  of  the  engineering  force,  with  an 
earnest  endeavor  on  the  part  of  each  to  contribute  his  share  to 
the  perfection  of  the  whole  system. 

AVhile  the  tunnel  was  being  excavated  in  1890  I  spent  about 
nine  months  in  Europe,  until  the  termination  of  the  duties 
of  the  Niagara  Falls  International  Commission,  returning  to 
America  early  in  1891. 

In  November,  1892,  the  work  undertaken  by  the  Cataract 
Construction  Company  had  reached  a  point  of  completion  when 
it  was  deemed  feasible  to  disband  the  board  of  engineers,  and  it 
was  then  decided  that  the  organization  so  known  should  go  out 
of  existence,  January  1,  1893.  I  was  retained  as  consulting- 
engineer  during  the  important  period  of  installation  of  the  tur- 
bines, dynamos,  the  erection  of  the  power  house,  and  the  solv- 
ing of  the  mechanical  problems  connected  therewith.  Among 
matters  requiring  immediate  attention,  I  may  note  the  laying 
out  of  the  power  house  for  the  architects,  designing  the  sluice 
gates  as  part  of  the  building,  and  determining  the  conditions  re- 
quisite for  an  electric  crane  capable  of  handling  50  tons.  In  this 
case  we  required  a  length  of  hoisting  rope  sufficient  for  the  deep 
wheel-pit  without  coiling  the  rope  more  than  one  Ifijev  on  the 
drum,  and  with  a  sufficient  travel  between  side  and  end  walls  of  the 
building  to  handle  all  the  machinery  to  be  erected.  I  name  this 
one  item  among  the  many  problems  to  be  considered,  as  show- 
ing a  principle  which  has  been  adhered  to  as  far  as  possible.  The 
conditions  required  for  the  crane  were  stated  to  crane-builders, 
and  the  order  finally  awarded  to  Messrs.  William  Sellers  &  Co.» 
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Incorporated,  of  Philadelphia,  who  designed  and  built  for  us  a 
50-tou  crane,  operated  by  one  single  electric  motor,  which  has 
given  entire  satisfaction,  and  is  an  admirable  example  of  the  good 
result  obtained  by  enlisting  the  best  efforts  of  those  skilled  in 
any  particular  line  of  machine  construction.  The  crane  which 
has  been  so  admirably  adapted  to  the  installation  of  our  work  is 
furnished  with  a  separate  rapid  hoisting  device  for  light  loads, 
of  sufficient  length  of  hoist  to  reach  the  bottom  of  the  wheel- 
pit,  many  feet  below  what  is  absolutely  required  for  the  installa- 
tion of  the  heavy  machinery.  The  two  separate  hoisting  systems 
are  operated  by  the  same  motor  and  handled  by  the  same 
levers,  with  the  advantage  that  the  light  loads  are  lifted  at  very 
considerable  velocity  of  hoist,  as  the  whole  power  of  the  large 
motor  is  at  such  time  utilized  to  advantage  for  this  purpose. 

It  has  been  the  constant  policy  of  the  company  to  have  its 
engineers,  so  far  as  possible,  express  the  requirements  of  any 
machinery  needed,  and  to  ask  builders  of  such  machinery  for 
designs  which  should  fully  meet  the  specification  of  requirements, 
such  machinery  to  be  fully  guaranteed  by  the  makers,  and 
subject  to  the  approval  of  the  chief  engineer.  This  has  di- 
minished the  risk  and  secured  the  best  results  from  engineering 
establishments  working  under  the  supervision  of  the  chief 
engineer,  and  embodying  his  ideas  in  the  work  required. 
There  were,  however,  many  things  so  different  from  ordinary 
practice  that  special  designs  had  to  be  made,  but  we  have  always 
been  ready  to  modify  the  details  to  adapt  the  work  to  the  shop 
practice  and  facilities  of  the  maker  who  undertook  to  fill  the 
order,  in  each  case  it  being  required  that  the  builder  should 
approve  the  design  in  accepting  the  order  and  to  guarantee 
performance,  workmanship,  and  material.  In  the  case  of  the 
new  turbines  for  the  extension  of  the  power,  "however,  and 
already  tested,  the  American  makers  guaranteed  material  and 
workmanship  only,  the  jirinciple  having  proved  satisfactory. 

The  necessity  of  combining  a  fly-wheel  or  its  equivalent  with 
turbines  driving  dynamos  which  require  close  regulation  as  to 
speed  had,  previous  to  what  we  have  done,  attracted  little  atten- 
tion in  America,  either  from  builders  or  users  of  water  wheels 
or  the  makers  of  water-wheel  governors.  The  weight  of  fly- 
wheels in  connection  with  turbines  of  5,000  horse-power  making 
250  revolutions  per  minute  had  been  considered  by  the  members 
of  the  commission  at  the  meeting  in  London,  January,  1891, 
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wliile  (lisciissiiig  tlie  various  plans  submitted  to  them.  No 
wheel-builder  in  Europe  had  deemed  it  possible  to  find  a 
dynamo  design  with  sufficient  fly-wheel  effect  from  the  speed 
and  Aveight  of  the  revolving  parts  of  the  dynamo  alone.  (In 
consulting  my  notes  of  the  conference  I  find  reference  to  a 
French  engineer  w-lio  says  that  in  his  judgment  a  turbine  of 
12,000  horse-power  directly  connected  b}^  a  vertical  shaft  to  a 
dynamo  involves  no  experimental  features,  as  it  may  be  com- 
pared to  an  engine  of  12,000  horse-power  in  a  steamship  driving 
the  propeller  by  means  of  a  long  line  of  shafting,  and  there 
would  be  less  frictional  resistance  in  the  few  journals  of  the 
turbines  and  dynamos  than  in  the  case  of  the  propeller  shaft.) 
Messrs.  Faesch  &  Piccard,  of  Geneva,  Switzerland,  in  presenting 
their  first  design  to  the  Commission,  insisted  on  the  need  of  a 
fly-wheel,  and  gave  their  formula  of  weight  and  speed  per 
horse-power  over  and  above  what  might  be  had  from  dynamos 
of  equivalent  power,  assuming  that  the  revolving  parts  of  such 
dynamos  would  not  be  sufficient,  their  statement  being :  "  If  it 
takes  20  seconds  to  close  the  aperture  for  the  water,  the  fly- 
wheel must  contain  energy  equal  to  4  seconds'  work  of  the 
turbines  " — this  relating  to  their  own  design  of  regulator. 

Fig.  208  shows  a  section  of  the  turbine  chamber  and  penstock 
with  the  first  section  of  the  hollow  driving  shaft  and  a  fly-wheel, 
14  feet  in  diameter,  weighing  about  20,000  pounds,  which  the}' 
prescribed  in  the  design  accepted  by  the  Cataract  Construction 
Co.  These  fly-wheels  were  embodied  in  the  order  for  the  tur- 
bines before  any  decision  had  been  reached  as  to  the  kind  of 
dynamo  or  the  nature  of  the  current  to  be  used. 

In  discussing  the  problem  of  the  fly-wheel  as  proposed  by 
Messrs.  Faesch  &  Piccard  with  their  engineer,  Mr.  Baumanu,  I 
found  that  he  agreed  with  me  as  to  the  desirability  of  doing 
away  with  a  fly-wheel  separate  and  distinct  from  the  revolving 
parts  of  the  dynamo,  yet  acting  in  conjunction  with  these  parts. 
I  suggested  the  possibility  of  insisting  upon  dynamos,  whether 
with  revolving  armatures  or  not,  being  so  built  as  to  combine 
with  the  revolving  parts  of  the  dynamo  a  weighted  mass  or  ring 
which  would  give  the  fly-wheel  efiect  required,  one  idea  being 
to  make  the  armature  core  form  part  of  the  fly-wheel  itself,  the 
rim  of  the  fly-wheel  extending  under  and  revolving  beneath  the 
stationary  field.  This  was  before  the  use  of  the  revolving  field 
ring  in  the  manner  suggested  by  Professor  Forbes,  and  Messrs. 
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Faesch  «fe  Piccard  were  very  ready  to  accede  to  tlie  proposal,  aud 
I  was  authorized  to  countermand  tlic  separate  fly-wlieels.  lu 
askius  for  bids  for  dynamos  later  I  imposed  uniform  conditions 


Fig.  208. 

as  part  of  the  design  which  would  be  acceptable,  namely,  that  the 
revolving  parts  of  the  dynamo  should  be  so  made  that  their 
wei-ht  computed  as  acting  at  a  radius  of  gyration  should  be 
such  that  the  product  of  this  weight  in  pounds  into  the  square 
of  the  velocity  in   feet   per   second   should  be   not  less  than 
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1,100,000,000.  Doing  away  with  the  fly-wheel  necessitated  an 
alteration  in  the  lower  section  of  the  hollow  shaft  of  the 
turbine,  a  steel  casting  being  required  to  take  the  place  of  the 
hub  of  the  fly-wheel  as  originally  j^roposed.  This  important 
change,  carried  out  in  a  far  more  perfect  manner  by  the  adop- 
tion of  Professor  Forbes's  revolving  field  outside  of  a  stationary 
armature,  has  enabled  the  fly-wheel  effect  to  be  increased  to  a 
greater  amount  than  required  by  the  specification,  with  a  very 
decided  advantage  in  regulation  of  speed. 

The  turbines  we  have  in  use,  designed  by  Messrs.  Faesch  & 
Piccard,  of  Geneva,  Switzerland,  have  proved  so  efficient  that 
in  the  extension  of  the  plant  no  change  has  been  made  in  any 
essential  part  of  the  wheels  themselves.  The  changes  w^hich  I 
shall  mention  later,  namely,  as  to  the  method  of  supporting  the 
wheel  chamber  and  the  penstock,  etc.,  are  matters  which  have 
been  carefully  considered  and  approved  by  the  original  design- 
ers. Whatever  I  have  to  say  to  you  in  regard  to  the  changes 
which  had  to  be  made  with  the  first  wheels,  the  use  of  Babbitt 
metal  and  the  redesigning  of  the  bearings  must  not  be  con- 
sidered as  derogatory  to  the  engineering  ability  displayed  by 
the  Swiss  firm,  as  what  they  proposed  had  the  warrant  of 
common  practice.  In  many  respects,  indeed,  they  ventured  out 
of  the  usual  line  of  practice,  and  their  foresight  has  proved 
correct  in  some  instances  where  their  design  and  deviation  from 
precedent  might  have  been  adversely  criticised  iu  the  light  of 
our  then  limited  experience  with  large  units  of  povrer. 

This,  for  instance,  was  eminently  the  case  with  the  size  of  the 
penstock,  which  is  7  feet  6  inches  in  diameter  for  wheels  of 
5,000  horse-power,  involving  a  velocity  of  fiilly  9  feet  i:>er  second 
at  full  load,  when  common  practice  calls  for  2.|  to  3  feet  per 
second,  as  necessary  to  obtain  the  best  results ;  but  in  this  in- 
stance the  necessity  of  supporting  by  steel  beams  so  large  a 
mass  of  water  as  would  have  been  necessary  to  obtain  the 
lower  velocity,  decided  them  to  risk  the  theoretical  sacrifice  of 
one  foot  in  head  to  increase  the  velocity  from  2  feet  to  9  feet, 
and  so  to  form  the  penstock  connections  as  to  avoid  interrupt- 
ing the  flow  of  the  water  by  sharp  bends. 

The  length  of  .the  penstock  is  in  fact  short  as  compared  to  its 
diameter ;  its  wet  perimeter  is  short  in  proportion  to  the  area 
of  the  pipe.  At  its  upper  end,  where  the  w^ater  enters,  the  area 
is  double  that  of  the  vertical  section.     "Without  beins  able  to 
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give  the  exact  efficiency  of  the  turbines,  we  are  satisfied  with  the 
results.  Turbines  estimated  to  yiekl  5,300  horse-power  at  full 
gate,  at  75  per  cent,  efficiency,  having  delivered  from  the  dynamos 
5,400  estimated  horse-power,  we  know  that  the  real  efficiency  of 
the  wheels  is  in  excess  of  75  jDer  cent. 

Babbitt  metal  and  other  anti-friction  metals  are  used  in 
America  not  for  economy's  sake,  but  for  good  practical  reasons, 
but  such  metals  do  not  seem  to  have  lieen  as  highly  appreciated 
in  Europe  as  in  this  country.  The  specification  issued  by  the 
Swiss  engineering  firm  for  the  turbines  and  machinery  called 
for  bearings  made  of  phosphor  bronze.  The  Phosphor  Bronze 
Company  in  Philadelphia  were  consulted  as  to  the  different  grades 
of  metal  they  made,  and  recommended  a  peculiar  grade  suitable 
for  this  case,  presumably  containing  more  or  less  lead.  My  ex- 
perience, however,  has  led  me  to  place  more  reliance  on  the  best 
grades  of  anti-friction  metal,  on  a  base  or  support  of  a  proper 
quality  of  bronze,  in  case  the  anti-friction  metal  should  give 
way  and  the  shaft  come  in  contact  with  the  bronze. 

Figiires  209  and  210  show  a  four-parted  bearing  with  wedges 
back  of  the  bearing  blocks  to  set  the  bronze  bearings  up  to  the 
shaft  adjusted  by  screws,  as  originally  designed  in  Switzerland, 
and  in  accordance  with  the  common  practice  of  many  able  engi- 
neers. The  adjustment  in  this  manner  of  four  separate  brasses 
serves  no  good  purpose  in  alignment.  The  wedges  can  only  con- 
trol the  contact  with  the  shaft,  and  cannot  be  made  to  affect 
alignment,  if  the  axis  of  the  bearing  as  fixed  in  place  does  not 
coincide  with  the  axis  of  the  shaft  which  is  supported  by  the 
bearing.  Professor  Forbes,  who  for  a  time  was  consulting  elec- 
trical engineer  for  the  company,  in  his  early  design  of  the  dynamo 
with  rotating  field  ring  as  now  used,  proposed  four-parted  bear- 
ings similar  to  those  on  the  water-wheel  shaft  for  the  vertical  shaft 
of  the  dynamo,  for  the  sake  of  uniformity  throughout  the  system. 
I  objected  to  this  design,  as  far  as  its  mechanical  features  were 
concerned;  a  new  design  was  made  under  my  direction,  to  em- 
body Professor  Forbes'  electrical  system.  We  were  fortunate  in 
being  al)le  to  secure  as  draughtsman  the  services  of  Mr.  Bau- 
mann,  the  engineer  of  Faesch  A:  Piccard,  who  was  in  this  country 
superintending  the  construction  and  erection  of  the  hydraulic 
machinery  of  practically  his  design.  He  is  an  excellent  draughts- 
man, a  callable  engineer,  cpiick  to  appreciate  the  arguments 
advanced  as  to  the  desirability  of  having  a  continuous  metallic 
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Intermediate  Bearing 

As  DESIGNED  BY  FaESCH  &  PiCCARO 

Fig.  209. 
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Vertical  Section 
Intermediate  Bearing 

As  DESIGNED  BY  FaESCH  &   PiCCARD 

Fig.  210. 


surface  in  the  case  of  the  dynamo  bearings,  -which  bearings 
must  be  of  such  a  character  as  to  be  able  to  support  the  revolv- 
ing shaft  no  matter  in  what  direction  the  pressure  may  fall  upon 
the  bearings.     Anticipating  trouble  with  the  water-wheel  shaft 
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bearings,  I  designed  a  set  of  bearings  and  had  them  made  simi- 
lar to  those  of  my  design  already  in  successful  operation  on  the 
dynamo. 

The  experience  obtained  in  starting  this  new  machinery  is 
worthy  of  your  careful  attention.  That  you  may  understand  the 
case  more  readily,  I  may  say  that  the  vertical  shaft  connecting 
the  turbines  to  the  dynamo. is  formed  of  steel  tubes  38  inches 
external  diameter,  made  in  all  respects  similar  to  the  tubes  of 
furnaces  of  marine-  engines  (see  Fig.  211).  As  these  tubes  could 
not  be  obtained  of  sufficient  length,  a  number  of  them  were 
coupled  together  by  flanges  made  of  rolled  steel  angles  to-  make 
the  length  required,  there  being  two  intermediate  bearings  only 
between  the  upper  solid  shaft  coupled  to  the  dynamo  and  the 
solid  shaft  in  the  wheel  case.  Spindles  of  steel  11  inches  in 
diameter  were  introduced  at  the  bearings  where  such  support 
was  required.  By  this  means  the  shaft  was  made  light,  and  the 
bearin<Ts  reduced  to  a  minimum  in  number.  lu  the  wheel  case 
proper  there  are  two  oiled  bearings  on  a  solid  shaft.  Immediately 
below  the  dynamo  there  is  a  thrust  bearing  fitted  to  ten  rings 
on  this  section  of  shaft,  and  between  the  thrust  bearing  and  the 
wheel  case  are  the  two  intermediate  bearings  which  steady  the 
vertical  shaft,  and  it  is  to  these  two  bearings  that  I  first  call 
your  attention. 

Tlie  lubrication  of  the  four-part  bearing  as  shown  by  Fig.  210 
was  to  have  been  effected  by  means  of  oil  contained  in  an  annular 
dish  bolted  to  the  upper  end  of  the  coupling  of  the  hollow  shaft 
below  each  bearing.  Into  this  dish,  which  revolves  with  the 
shaft,  a  pipe  was  made  to  dip  with  a  scoop  end  so  arranged  that 
in  the  rapid  revolution  of  the  shaft  the  oil  carried  around  by 
the  dish  would  come  in  contact  with  the  scoop  end,  and  be  thus 
forced  vertically  to  the  upper  end  of  the  bearing  and  pour  down 
through  the  bearing,  the  operation  being  similar  to  the  present 
method  of  taking  the  water  supply  from  stationary  troughs  be- 
tween the  rails  by  express  trains,  only  in  this  case  the  scoop 
would  remain  stationary  and  the  oil  would  be  presented  to  it  at 
a  velocity  of  about  22  miles  per  hour.  This  arrangement  was 
abandoned,  and  stuffing  boxes  were  placed  below  each  bearing, 
in  order  that  the  bearing  might  be  filled  with  oil,  and  the  shaft 
revolve  in  a  bath  of  the  lubricant.  It  was  soon  demonstrated 
that  the  shaft  11  inches  in  diameter,  running  at  the  rate  of  250 
revolutions  per  minute,  with  oil  of  the'proper  degree  of  viscosity, 
55 
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Fig.  211. — General  Elevation.     Faesch  &  Piccard  Design. 


was  rapidly  heated  owing  to  the  motion  of  the  shaft  only,  pre- 
cisely as  in  the  case  of  Joule's  experiments  in  determining  the 
mechanical  equivalent  of  heat.  After  weeks  of  trial  and  no  end 
of  careful  work  to  scrape  the  bearings  to  a  good  fit  on  the  shaft, 
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it  was  found  impossible  to  keep  the  machinery  up  to  speed 
without  cutting,  while  the  bearings  in  the  dynamo,  to  which  I 
have  already  alluded,  having  shafts  nearly  two  inches  larger  in 
diameter  than  the  turbine  shaft,  ran  perfectly  cool  and  in  a  satis- 
factory manner.     It  was  decided  then  to  take  out  the  four-parted 
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box  and  i)ut  in  a  bearing  similar  to  that  shown  on  Fig.  212,  which 
yon  will  observe  is  simple  in  construction,  the  bearing  being  in 
two  parts,  made  conical  on  the  outside,  the  joints  being  practi- 
cally oil  tight  when  forced  down  by  an  upper  flange  to  secure  a 
firm  anti-friction  lining.  These  half-boxes. are  lined  with  Babbitt 
metal  throughout  their  entire  length,  and  provided  with  diagonal 
grooves  for  the  distribution  of  the  oil;  the  grooves  extend 
to  within  ^  inch  of  the  top  and  bottom  of  each  bearing.  The 
oil  brought  under  pressure  to  each  half  of  the  bearing  encircles 
the  shaft  and  escapes  top  and  bottom  into  oil  catchers,  from 
whence  it  flows  to  a  receiving  tank  at  the  bottom  of  the  wheel- 
pit,  to  be  again  elevated  to  the  distributing  tanks  at  the  upper 
part  of  the  power  house.  No  oil  is  used  a  second  time  until  it 
has  passed  through  the  proper  filtering  devices  to  render  it  fit 
for  use.  Bearings  arranged  in  this  manner  have  been  running 
since  1895,  and  apparently  show  no  wear  whatever.  They  keep 
quite  cool. 

The  thrust  bearings  which  I  now  show  you,  Fig.  213,  as  origi- 
nally designed  have  their  four-parted  bronze  liners  bolted  to 
place.  Each  bearing  so  formed  is  bored  out  to  fit  the  rings  on 
the  shaft  with  great  accuracy.  These  bearings  had  to  be  faced 
with  anti-friction  metal  before  they  could  be  prevented  from  cut- 
ting. They  have  since  then  worked  w^ell.  In  case  of  accident, 
one  complete  bearing  case  and  liners  are  kept  on  hand  so  as  to 
relieve  such  a  bearing  ;  it  needs  to  be  sent  to  the  machine  shop 
to  be  relined  and  rebored  to  fit  the  shaft  from  which  it  has  been 
taken.  In  designing  this  bearing  for  the  fourth  and  succeeding 
turbines  as  now  running,  I  modified  this  part  as  shown  in  Fig.  214, 
diminishing  the  number  of  rings  but  increasing  their  strength 
and  bearing  surface,  applying  the  anti-friction  metal  in  such 
manner  that  the  shaft  is  held  in  alignment  by  the  shaft  proper 
at  the  bottom  of  the  steel  rings,  and  not  by  the  circumference 
of  those  rings.  This  bearing  has  each  separate  bronze  block  faced 
with  w^hite  metal-lined  segments,  so  made  that  when  detached 
from  the  blocks  to  which  they  are  secured  they  can  be  relined 
with  Babbitt  and  dressed  to  a  template  in  any  ordinary  lathe. 
This  makes  the  parts  interchangeable,  and  greatly  diminishes 
the  cost  of  repairs. 

I  will  now  call  your  attention  to  a  very  interesting  experience 
with  the  oiled  bearings  in  the  wheel- case.  An  attractive  feature 
of  the  Faesch  &  Piccard  design  of  the  turbines  is  that  their 
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As  DESIGNED  BY  FaESCH  &   PiCCARO 


Thrust  Bearing  of  No.  1,  2  and  3  Turbines. 
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Fig.  213. 


wheel-case  bearings  are  excluded  from  all  chance  of  water  mix- 
ing with  the  oil.  I  have  been  asked  by  turbine  makers  why 
water  lubrication  has  not  been  relied  on  for  such  bearings.  The 
water  of  the  Niagara  Kiver  is  not  always  free  from  mud  ;  at 
times  it  is  very  turbid.    The  great  size  of  the  units  adopted,  the 


85G     FEATURES   OF   THE    POWER    DEVELOPMENT    AT    NIAGARA    FALLS. 


Thrust  Bearing 

As  MODIFIED  BY  DR.  COLEMAN  SELLERS 
FOR 
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Thrust  Bearings  of  New  Turbines. 


Fig.  214. 


diameter  of  tlie  shafts  and  tlieir  higli  surface  speed,  call  for 
good  lubrication,  and  exclusion  of  all  abrading  matter.  Fig.  215 
shows  the  bearings  as  designed  for  the  upper  bearing  in  the 
wheel-case.     You  will  observe  that  the  bronze  bushing  in  this 
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case  is  made  in  halves  and  not  four-parted  ;  the  outside  of  the 
bronze  is  in  steps,  each  one  from  the  top  down  being  less  in 
diameter  than  the  one  above  it — this  to  facilitate  removal. 
There  are  air  spaces  shown  between  each  two  steps.  Bearings 
thus  made  not  only  cut  badly,  but  showed  an  expansion  of  the 
metal  into  the  air  spaces.  The  flood  of  water  outside  these 
bearings  did  not  prevent  the  heat-rise  mentioned.  The  air 
spaces  were  then  filled  up  with  type  metal,  and  the  bronze  bush- 
ing lined  with  Babbitt  metal.  Since  then  there  has  been  no  wear 
and  they  have  run  cool. 


AS  DESIGNED  BY 
FaESCH  i.  PiCCARD 
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Upper  Turbine  Bearing 
Fig.  215. 


In  redesigning  the  wheel-case,  as  I  will  presently  show  j^ou,  I 
made  the  bushings  conical  on  the  outside  (see  Fig.  216),  to  give 
metal  contact  to  conduct  away  all  the  heat  from  friction.  The 
wheel-case  bearings  being  oiled  by  drop  oilers,  there  was  no  pro- 
vision to  catch  the  oil  and  return  it  for  re-use.  (See  Fig.  217.)  I 
have  since  arranged  an  oil  dish  to  catch  the  oil  thrown  from  the 
lower  bearing  by  the  protruding  shaft,  the  oil  being  thrown  into 
a  well,  from  which  it  can  be  raised  by  a  small  j:)ump,  one  of  the 
three  large  bolts  which  support  the  bottom  of  the  wheel-case  being 
bored  throughout  its  length  and  fitted  with  a  check  valve  at  its 
lower  end,  where  it  dips  into  the  oil  well.   A  small  pump  driven 
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l>y  water  near  each  turbine  lifts  tlie  oil  to  the  common  reservoir 
for  all  the  bearings.  This  permits  one  quality  of  oil  to  be  used 
throughout  the  whole  system.  My  design  of  bearing  for  these 
vertical  shafts  permits  the  free  use  of  a  pure  mineral  oil,  dis- 
tributed freely  for  lubricating  and  cooling,  thus  reducing  the 
friction  tq  a  minimum.  The  Faesch  tt  Piccard  design  of  turbine 
and  vertical  shaft  had  a  great  advantage  in  regard  to  low  fric- 
tioual  reaistance,  the  changes  made  by  me  in  detail  being  in  the 
direction  of  simplicity  in  the  parts,  and  were  the  utilization  of 
my  half  a  century's  experience   in   constructing  shafting  and 
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Upper  Turbine  Bearing 


Fig.  216. 


machinery  in  special  reference  to  bearings  for  journals  subject 
to  great  pressure  or  high  speed.  When  but  twenty-two  years 
old  I  had  my  first  experience  with  a  step  bearing  for  a  vertical 
shaft  of  a  counter  fly-wheel  in  a  rolling  mill,  designed  by  one 
of  my  brothers,  when  a  speed  of  100  revolutions  and  a  weight 
of  not  more  th  .n  ten  tons  served  to  weld  a  steel  spindle  step 
to  a  steel  ser  :  plate  five  inches  diameter,  when  step  and  seat 
were  floode  ^  with  cold  water.  Now  we  are  dealing  success- 
fully with  J.  weight  of  l<)0,r)00  pounds,  or  eighty  tons,  at  a  rotat- 
ing spee^l  of  250  revolutions  per  minute. 

The  Mction  of  all  the  parts  of  the  vertical  shaft,  including  the 
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bearing  iu  the  dynamo  and  all  the  revolviug  parts,  is  so  slight 
that  when  the  ring  gates  which  regulate  the  speed  of  the  turbines 
are  entirely  closed,  and  no  water  can  escape  from  the  wheels 
except  what  leaks  through  the  slight  opening  between  the  gates 
and  the  wheel,  the  rotation  of  the  machinery  continues  at  about 
forty  revolutions  per  minute  after  the  load  is  thrown  off;  and 
therefore,  in  stopping  we  are  obliged  to  continue  the  load  until 
the  speed  is  reduced  sufficiently  to  apply  a  pneumatic  brake. 
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Section  of  Lower  Turbine,  etc. 

SHOWING  IMPROVED  FORM  OF  BEARING  AND  OIL  RECOVERING  DEVICE, 

Designed  by  Dr.  Coleman  Sellers,  for  the  Cataract  Construction  Company 

Fig.  217. 


Tvhich  finallv  arrests  the  motion  and  prevents  revolution  until 
the  main  sluice  gates  can  be  closed  and  the  water  run  out  of  the 

penstock. 

The  three  turbines  which  have  been  in  constant  operation  since 
1895  are  supported  bv  heavy  steel  beams  crossing  the  wheel- 
pit  where  the  brick  side  walls  narrow  the  pit  to  a  width  of  six- 
teen feet.  These  beams,  six  feet  deep,  were  designed  to  span  a 
width  of  twenty  feet  in  the  clear  ;  they  have  fixed  end  supports 
as  they  not  only  rest  on  and  are  built  into  walls  over  two  teet 
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Fig.  218.— Partiax  Longitudinal  Section  of  the  Power  House  aio) 

Wheel-pit. 

six  inches  thick,  but  extend  several  feet  into  th-e  rock,  which  is 
solid  at  that  point,  the  greatest  care  being  taken  to  secure  the 
beams.    Figs.  218  and  219  show  the  arrangement  of  the  beams  to 
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Fig.  219. — Cross  Section  of  Power  House  and  "Wheel-pit. 


support  the  wlieel-case  and  the  penstock  of  wheels  1,  2,  and 
3.  Fig.  220  shows  the  change  I  have  made  in  the  mode  of 
supporting  the  wheel- case  of  all  the  wheels  that  are  being  erected 
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500  hP.  I  Turbine 

showing  new  method  of  supporting 

wheel  case  and  modifications  made  by 

Dr.  Coleman  Sellers 

FOR 

The  Cataract  Construction  Company. 


Fig.  220. 


in  the  extension  of  the  pit.  This  illustration  shows  the  brick 
lining,  and  the  stone  sides  of  the  pit  as  cut  out  by  means  of 
channeling  machines. 

In  executing  this  part  of  the  work,  Mr.  Brackenridge  has  exer- 
cised the  utmost  care  to  establish  drains  between  the  brick 
walls  and  the  rock  by  vertical  wooden  troughs  or  boxes  with 
lateral  horizontal  hollow  brick  drains  at  stated  intervals  in  the 
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wall,  to  insure  a  free  passage  for  tlie  rock  water  to  escape  into 
the  tail  race,  and  to  keep  tlie  pit  dry  after  these  walls  shall  have 
been  carried  to  the  top.  You  will  observe  that  I  have  done 
away  with  the  steel  beams  shown  in  Figs.  218  and  219,  and  sup- 
port the  wheel-case,  as  also  the  penstock,  by  brackets  projecting 
from  each  side  of  the  main  casting  to  such  width  as  to  receive 
abundant  support  on  heavy  iron  castings  built  into  the  walls 
and  into  the  rock  back  of  the  walls.  These  castings  rest  on 
huge  granite  blocks,  supported  in  turn  by  the  brick  walls  racked 
ou?  to  carry  them.  Steel  wedges  are  driven  in  between  the 
ends  of  the  base  of  the  brackets  and  the  castings,  set  in  the 
walls  so  as  to  put  the  lower  member  of  the  brackets  under 
slight  compression  and  to  insure  an  even  distribution  of  the 
weight  over  the  whole  surface  of  the  granite  blocks.  An  iron 
grated  floor  is  placed  below  each  lower  turbine,  so  that  workmen 
can  get  at  the  wheel  without  being  restricted  by  any  beams,  such 
as  are  used  to  support  the  first  three  wheels  and  penstocks. 

Turbines  Nos.  1,  2,  and  3  are  regulated  in  speed  by  the  well- 
known  relay  governor  of  Messrs.  Faesch  &  Piccard,  having  the 
'  gearing  which  moves  the  ring  gates  operated  by  clutches  put  m 
motion   by  changes  of  speed,  the  rise   or  fall  of  the  governor 
balls  letting  one  or  another  pawl  act  on  a  ratchet  wheel  to  give 
motion  through  the  clutches  and  gearing  to  a  heavy  rack  con- 
nected by  a  rod  to  a  lever  on  the  beams  which  support  the  thrust- 
bearing  deck.     This  lever  carries  a  weight  of  several  thousand 
pounds  adjustable  on  one  end  so  as  to  balance  the  weight  of  the 
ring  gates,  which  when  shut  prevent  the  escape  of  water  from 
the"  turbines  except  what  leaks  past  the  ring  gate  top  and  bot- 
tom, the  space  between  the  inside  of  these  rings  and  the  outside 
of  turbine  runners  being  not  quite  j\-  of  an  inch.     The  ring 
gates  of  Nos.  1,  2,  and  3  turbines  open  by  moving  downwards 
and  close  by  the  opposite  motion,  the  consequence  being  that 
as  each  turbine  is  divided  by  partitions  into  three  sections,  the 
lower  section  of  both  wheels  is  not  opened  for  escape  of  water 
except  at  full  load.     Any  small  stones  passing  down  with  the 
water  and  being  washed  through  the  distributor  are  not  able  to 
escape  from  the  buckets,  and  are  liable  to  collect   and  grind 
against  the  ring,  or  might  accumulate  and  chip  the  blades  of  the 
distributor  or  wheel.     Due  precautions  have  been  taken  to  pre- 
vent the   stones  getting  into    the  wheels,  and   no   trouble   has 
resulted  from  thi«  cause.    The  advantage  of  opening  the  gate 
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downwards  lies  in  the  fact  that  it  is  safer  to  allow  the  gates  to 
fall  open  suddenly  in  case  of  accident  to  the  connecting  rods 
than  to  fall  shut,  as  in  the  latter  event  a  too  sudden  interrup- 
tion of  the  velocity  of  the  escaping  water  would  create  a  force 
upwards  far  greater  than  160,000  pounds,  and  might  destroy  the 
machinery.  The  new  wheels  have  been  altered  to  make  the 
gate  open  upwards ;  1st,  to  permit  the  escape  of  accumulated 
matter  from  the  lowest  section  of  the  bottom  wheel,  and  also  to 
prevent  the  upward  escape  of  the  water  with  violence  against 
the  turbine  deck,  which  occurs  when  the  motion  of  opening 
is  downward.  To  make  the  machinery  safe  from  accident 
incident  to  breakage  of  the  connecting  rods  and  a  too  sudden 
closing  of  the  gate,  a  dash-pot  is  provided  to  the  lower  lever 
which  controls  the  gate  motion,  the  dash-pot  offering  resistance 
only  when  the  speed  of  closing  is  greater  than  twenty  inches 
motion  in  six  seconds  of  time.  Understanding  this,  you  will 
appreciate  the  seeming  difference  of  the  rack  movement  of  Xo. 
3  and  No.  4  wheels,  as  the  latter  is  closed  when  the  rack  is  at 
the  top  of  its  stroke,  while  the  racks  of  Nos.  1,  2,  and  3  are 
closed  when  the  rack  is  at  the  bottom  of  the  stroke,  3  inches 
motion  of  each  in  either  case  causing  1  inch  of  gate  movement. 
A  careful  study  of  the  action  of  the  governors  in  use  since 
1895  has  led  to  the  adoption  of  some  changes  in  the  governing 
machinery,  which  I  cannot  dwell  upon  at  this  time,  but  which 
will,  it  is  expected,  improve  regulation  and  diminish  risk 
of  accident  from  sudden  stoppage  of  the  exciting  current  from 
any  cause  whatever.  My  aim  has  been  to  interest  the  best 
talent  of  our  engineering  force  in  suggesting  changes  which  will 
diminish  the  risk  due  to  the  personal  equation  of  the  attend- 
ants and  to  place  some  essential  actions  of  the  governor  under 
the  control  of  the  men  on  the  operating  platform,  so  that  any 
action  of  the  electrician  in  charge  which  would  under  ordinary 
conditions  require  the  attendant  on  the  power-house  floor  to  act 
in  conjunction  with  the  electrician  will  be  done  away  with  and 
the  electrician's  action  will  anticipate  the  change  of  speed  of 
the  turbines  incident  to  the  causes  not  under  the  control  of  the 
attendaiits  on  the  floor,  but  always  incident  to  the  action  of 
the  men  on  the  platform,  or  to  meet  the  effect  of  accidental 
short-circuiting  at  or  near  the  power  house. 

After  running  three  turbines  since  1895,  arrangements  were 
made  to  increase  the  power  plant.     In  extending  the  wheel-pit 
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for  the  reception  of  five  atiaitional  turbines  and  dynamos  to  tlie 
three  originally  installed,  a  space  has  been  reserved  between 
Nos.  5  and  6  units  for  the  installation  of  four  turbines  of  200 
horse-power  each,  to  drive  four  direct  current  dynamos.     These 
are  located  symmetrically  about  an  ornamental  structure  over 
the  hoistwav  of  an  hydraulic  passenger  elevator.     These  dyna- 
mos are  to  furnish  dii^ct  current  of  required  voltage,  one  of  each 
to  feed  the  field  magnets  of  five  of  the  large  dynamos  ;  others  to 
furnish  power  to  the  travelling  crane,  the  sluice-gate  motors,  to 
operate  arc  lights,  and  to  do  any  work  requiring  direct  current, 
without  resorting  to  reconversion  of  the  alternating  current  into 
direct  current   by  rotary  transformers.     These  direct  current 
dynamos,  as  I  have  said,  being  used  one  for  each  group  of  five 
large  units,  will  insure  more  steady  regulation  of  the  current 
delivered   than  is  possible    when   they   are   made   self-exciting 
through  rotary  transformers,  as  in  that  case  the  feeding  current 
varies^'with  the  changes  in  the  alternating  current  due  to  change 
in  load,  the  efiect  being  as  the  square  of  the  diflerence.     Until 
the  wheel-pit  had  been  extended  these  separate  exciting  wheels 
were  not  practicable  for  want  of  room  in  the  wheel-pit.     Their 
installation,  however,  is  in  accordance  with  our  original  inten- 
tion.    The  turbines  selected  were  furnished  by  the  S.  Morgan 
Smith  Co.,  of  York,  Pa.  ;  the  dynamos,  of  125  kilowatts  capa- 
city,  by  the  Westinghouse  E.   ct   M.   Co.,   of  Pittsburg,    their 
design  being  in  keeping  with  their  other  work  in  the  power 

house.  1  •  1    f 

In  my  enforced  brief  description  of  the  dynamos  which  form 
the  important  part  of  the  largest  power  plant  in  the  world,  I 
have  been  obliged  to  use  for  illustration  of  my  subject  pictures 
taken  from  the  drawings  used  in  constructing  the  three  machines 
you  saw  in  operation,  which  have  been  doing  remarkably  well 
since  they  were  started  in  1895.     Five  new  dynamos  at  the  time 
of  this  meeting  have  their  several  parts  separate  and  in  various 
stages  of  erection  on  the  power-house  floor.     I  can  now  use  for 
ilUrstration  the  pictures  taken  from  the  new    machines.     The 
chancres  which  have  been  made  in  the  design  since  the  first  ma- 
Chinee's   were    built   would   be   perhaps  unnoticed   unless  your 
attention   was  called  to  them.     An   important   feature   of   the 
oTicdnal  design  as  made  under  my  direction  is  in  the  character 
of  The  bearings  supported  in  the  spider  frame  (Fig.  221)  which js 
centred  by  the  cast-iron  support  for  the  armature  core  (Fig.  22dj. 
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This  feature  of  the  design  permits  the  stationary  armature, 
supported  by  the  bed  plate  of  the  machine,  to  be  left  intact 
with  all  its  electrical  attachments,  while  the  field  ring  with  its 
magnets  can  be  lifted  off,  and  the  spider  frame  (Fig.  221)  taken 
out,  so  as  to  leave  a  clear  space  of  not  less  than  five  feet  in 
diameter.  Through  this  space  the  hoisting  roj^es  from  the 
travelling  crane  can  bo  passed  to  remove  or  adjust  any  parts  of 
the  turbine  machinery  directl}'  below  the  dynamo.  The  various 
parts  of  each  dynamo  have  been  made  accessible  for  repairs 
with  ease  and  without  dismantling  the  machine.  Thus  any 
field  magnet  and  its  bobbin  or  exciting  coil  (see  Fig.  223 )  can 
be  taken  out  without  lifting  the  field  ring  from  its  place.     The 


Fig.    221.  —  Side    View    op    Casting 
CARRYixG  Spider  for  Bearings. 


Fig. 


222.  —  End   View    of    the 
Casting. 


bearing  brasses,  lined  with  Babbitt  metal  (see  Fig.  225),  can  be, 
each  taken  out  or  adjusted  when  required  with  the  greatest 
ease.  The  cast  steel  driver  (Fig.  226)  which  carries  the  field 
ring  at  its  outer  edge,  has,  in  the  new  machines,  openings  pro- 
vided for  the  escape  of  air,  these  air  spaces  being  provided 
with  an  adjustable  cover  that  enables  them  to  be  regulated  as 
to  size. 

The  first  three  dynamos  developed  more  heat  than  desirable. 
To  reduce  the  temperature  I  suggested  water  jackets  inside 
of  the  armature  core.  This  application  of  water  was  eminently 
successful.  In  the  new  machines  a  few  changes  were  made  in 
the  ventilating  spaces  in  the  armature  core,  and  passages  for 
water  circulation  have  been  provided  for  in  the  cast  iron  frame 
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that  carries  tlie  armature  core  (see  Fig.  227).  The  "Westing- 
house  E.  S:  M.  Co.,  iu  redesigning  the  dynamos  with  the  knowl- 
edge obtained  from  the  first  machines,  have  so  improved  the  de- 


FlG. 


sign  as  to  diminish  the  copper  and  iron  losses  so  as  to  keep 
the  temperature  down  to  the  requirements  of  the  specification 


Fi(i.  224. 


without  the  use  of  the  water  as  provided.  With  water,  at  full 
load,  the  temperature  rise  can  be  kept  down  to  40  degrees 
Cent. 


56 
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I  cannot  do  better  than  refer  yon  to  Mr.  L.  B.  Stillwell's 
very  fnll  description  of  the  first  dynamos  of  5,000  horse-power, 
as  published  in  Cassier's  Magazine  of  July  5,  1895.  In  the  same 
nTimher  of  Cassier's  Magaslne  will  be  found  descriptive  papers  by 
the  engineers  engaged  on  the  work  executed  previous  to  1895, 


Fig.  225. — Details  of  Akmatuke  Bearings. 

as,  for  instance,  the  details  of  the  construction  of  the  tunnel  tail- 
race  by  Mr.  Albert  H.  Porter  and  by  Mr.  George  B.  Burbauk,  and 
it  remains  for  me  to  sj^eak  of  the  stability  of  the  work  as  exe- 
cuted.    The  tunnel  was  to  have  been  a  rock  excavation  without 


Fig.  226. 


lining  of  any  kind.  A  lining  of  some  kind  was.  However,  found 
to  be  essential.  The  Board  of  Engineers  decided  upon  brick  as 
most  suitable,  the  brick  to  be  of  the  best  quality  hard  burned,  the 
surface  layers  of  the  invert,  and  about  seven  courses  of  the  side 
walls  rising  from  the  invert  on  each  side,  to  be  of  a  very  good 
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quality  of  vitrified  brick.  About  that  time  Mr.  John  Bogart 
presented  to  the  Board  of  Engineers  brick  taken  from  sewers  in 
New  York  City  which  had  been  in  use  about  seven  years.  These 
bricks,  set  in  the  invert  of  the  sewers,  had  worn  away  to  the 
extent  of  fully  25  per  cent,  from  tneir  original  size  as  set ;  on 
edge,  the  worn  surface  presented  a  convex  surface,  the  wear 
being  greatest  at  the  joints  on  each  side.  Assuming  the  wear 
to  be  from  sand  carried  by  the  water,  the  sewer  having  an  in- 
cline of  7  feet  per  1,000  feet,  about  the  same  as  the  hydraulic 
slope  of  the  Niagara  Falls  tunnel,  I  felt  the  need  of  some  test 


Fm.  227. 


as  to  the  durability  of  the  brick  to  be  used,  and  decided  to  try 
the  sand  blast  for  this  purpose.  Testing  glass  under  a  dis- 
charge of  a  fixed  quantity  of  sand  of  uniform  quality  driven  by 
an  air  blast  of  five  pounds  to  the  square  inch  with  specimens 
placed  0,-iuch  from  the  discharge  nozzle,  I  found  that  at  each 
of,  say,  four  trials  a  depression  was  cut  in  the  glass ;  the  quan- 
tity of  glass  removed  at  each  trial  was  so  uniform  in  bulk  that 
my  most  delicate  balance  used  for  chemical  analysis  failed  to 
detect  an  appreciable  difierence  in  weight  in  each  specisjen. 
Applying  the  same  test  to  various  materials  used  in  our  struc- 
tural work,  I  established  the  fact  that  when  the  material  was 
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uuiform  in  composition,  as  in  the  case  of  samples  made  up  of 
neat  cement,  liaid-bnrned  brick,  marble,  and  some  limestones, 
the  same  uniformity  was  observable.  With  briquettes  of  cement 
and  sand  the  variation  is  increased  by  the  possible  loosening  of 
more  or  less  grains  of  sand  from  the  bond  of  cement,  but  in  the 
worst  cases  an  average  of  four  blasts  applied  to  each  specimen 
held  well  for  many  samples  of  the  same  material. 

After  numerous  trials  I  was  able  to  tabulate  results  which  gave 
an  excellent  idea  as  to  the  utility  of  each  substance  used  to 
stand  abrasive  action  of  sand  carried  by  the  water.  When  I 
came  to  apply  the  sand-blast  test  to  the  vitrified  brick  used  in 
the  invert,  I  was  agreeably  surprised  to  find  that  in  no  case  did 
a  sand  blast  which  was  sufficient  to  make  a  very  marked  deforma- 
tion of  the  surface  of  ordinary  glass,  such  as  is  used  for  mount- 
ing specimens  for  the  microscope  or  on  granite,  or  hard-burned 
red  brick,  or  Queenstown  limestone,  etc.,  make  the  slightest 
impression  on  the  smooth  surface  of  the  vitrified  brick.  In 
point  of  fact,  the  pellets  of  sand  rebounded,  acting  precisely  like 
a  hardened  steel  ball  |-inch  diameter,  dropped  from  a  height 
of,  say,  two  feet,  on  to  the  polished  surface  of  a  hardened  steel 
anyil.  In  the  case  of  the  ball  and  anvil,  I  have  found  that  if 
the  surface  of  the  anvil  be  coated  with  a  minute  quantity  of 
rouge  in  fine  oil,  wiped  ofi^  to  leave  a  slightly  dulled  surface  to 
receive  the  impact  of  the  ball,  each  blow  followed  by  a  high  re- 
bound, the  result  will  be  a  well-defined  circular  space,  perhaps 
g'j-inch  diameter,  in  the  centre  of  which  is  a  bright  spot  show- 
ing the  unsoiled  surface  of  the  polished  steel ;  all  these  marks 
are  superficial,  and  can  be  removed  when  the  surface  is  cleaned. 
This  goes  to  show  that  the  steel  ball  and  the  steel  surface  have 
yielded  within  this  limit  of  elasticity' ;  hence  the  rebound  to  so 
nearlv  up  to  the  point  from  which  the  ball  fell  is  due  to  the 
perfect  ehisticity  of  the  steel,  and  cannot  be  reconciled  with 
any  destruction  or  permanent  deformation  of  the  surface.  This 
same  result  is  obtained  when  globules  of  sand  are  driven 
against  the  polished  hard  surface  of  the  vitrified  brick.  The 
desirability  of  the  brick  established  in  this  manner  was  suffi- 
cient to  assure  me  of  the  correctness  of  judgment  of  the  engi- 
neers who  had  selected  the  brick. 

With  this  prelude  I  wish  to  call  your  attention  to  the  fact 
that  the  most  recent  examination  of  the  invert  of  the  tunnel  has 
shown  that  no  deterioration  has  taken  place  ;  and  the  same  may 
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he  said  of  the  bricks  forming  the  side  walls.  There  Las  been 
deposited  upon  the  bricks  a  thin  layer  of  slime,  in  which  coat- 
ing can  be  found  abundant  animal  life  of  the  lowest  order,  small 
worms  and  the  like.  This  slime  acts  as  a  protective  varnish, 
and  we  feel  assured  as  to  the  stability  of  the  brick  lining.  Had 
the  tunnel  been  used  as  a  common  sewer  to  receive  the  dis- 
charge from  chemical  works,  the  vegetable  and  animal  life  now 
aiding  in  the  preservation  of  the  walls  might  have  been  killed, 
and  the  surface  exposed  to  what  little  abrasive  matter  is  carried 
by  the  almost  clear  water  of  the  Niagara  River. 

As  involving  an  important  question  in  mechanical  engineering, 
I  am  able  to  tell  you  some  interesting  facts  about  the  forging  of 
the  steel  field  rings  which  j^erform  so  important  a  function  in  the 
5,000  horse-power  dynamo.  These  rings  of  nickel  steel  were  the 
first  work  done  by  the  great  forging  press  constructed  for  the 
Bethlehem  Iron  Company,  under  the  patents  of  Sir  Joseph 
"Whitworth  for  forging  by  compression  from  steel  ingots,  which 
in  their  turn  had  been  submitted  to  pressure  while  the  metal 
was  still  in  a  fluid  state.  The  new  field  rings  weighed  when 
finished  28,840  pounds  each,  and  were  made  from  ingots  weigh- 
ing from  116,000  to  118,000  pounds  each.  Our  fellow  member, 
Mr.  H.  F.  J.  Porter,  kiudl}'  loaned  me  the  slides  for  use  on  this 
occasion. 

If  this  great  press  had  not  been  built,  the  dynamos  as  designed 
could  not  have  been  built.  By  a  strange  coincidence  the  size 
adopted  for  the  field  ring  was  up  to  the  full  capacity  of  the  press, 
and  to  the  utmost  capacity  of  the  furnaces  built  to  heat  the 
ingots. 

The  three  rings  made  for  the  first  machines  were  somewhat 
lighter  than  those  made  for  the  five  dynamos  now  in  process  of 
erection.  To  put  more  metal  in  the  last  ring,  I  decided  to  use 
hollow  oil-tempered  steel  shafts  for  the  turbines  and  dynamos 
in  place  of  solid  steel  shafts  made  for  Nos.  1,  2,  and  3  units  of 
power.  This  weight  saved  in  the  shafts,  added  to  that  of  some 
castings  dispensed  with,  enabled  me  to  name  a  greater  weight 
of  ring  in  the  new  specification,  so  that  the  heads  of  the  bolts 
securing  the  magnets  to  the  ring  coiild  be  countersunk,  thus 
diminishing  the  windage  at  high  speed.  Fig.  228  shows  the  press 
used  in  forging  ;  Fig.  229,  the  hydraulic  press  in  which  the  fluid 
steel  is  compressed  while  cooling  to  compact  the  steel  and 
diminish  the  piping  of  the  metal.     The  ingots  were  cast  heavy 
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enough  to  make  three  riugs  from  oue  iugot  after  the  sinking 
head  of  the  ingot  liad  been  cut  off.  Tlirougli  the  solid  ingots  a 
hirge  hole  Avas  bored  for  the  mandrel  upon  Avhich  the  ring  was 
to  be  expanded.  The  process  of  forging  consists  of  successive 
expansions  and  ui)setting  of  the  ring,  until  the  jjroper  dimen- 
sions as  to  outside  and  inside  diameter  as  well  as  of  width  of 
ring  have  been  obtained  to  allow  for  rough  tooling  to  the  speci- 
fied dimensions. 

In  expanding  the  ring  the  mandrel  forms  the  lower  die   or 


Fig.  2:)0. — Ladles  for  Poukixg  the  Ixgots. 


anvil ;  the  mandrel  being  blocked  up  on  either  side  of  the  ring,  a 
powerful  ratchet  device  causes  the  mandrel  to  rotate  between 
the  compressions.     This  ^^rocess  is  illustrated  in  Fig.  236. 

Fig.  230  shows  the  ladles  used  in  pouring  the  ingots  ;  Fig. 
231,  au  ingot  with  16-inch  holes  as  drilled  to  admit  the  man- 
drel. Fig.  232  is  a  field  ring  partially  expanded.  Fig.  233  shows 
the  finished  forging  of  the  field  ring.  Fig.  234  shows  a  hollow 
ingot  being  drawn  out  into  a  hollow  shaft ;  Fig.  235,  the  ex- 
tended shaft  which,  after  being  turned,  is  annealed  and  then. 
oil-tempered  to  increase  its  strength  and  limit  of  elasticity. 
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The  steel  used  in  the  field  rings,  when  tested  for  its  magnetic 
properties,  was  shown  to  be  better  fitted  for  great  load  than 
pure  iron,  such  as  Lowmoor  iron,  at  the  part  of  the  curve  at 
which  the  excitation  is  most  constant. 

You  will  see  when  you  visit  the  power  house  a  brick  structure 
called  the  switchboard.  The  top  carries  a  platform  from 
which  a  skilled  attendant  has  command  of  the  dynamos.  The 
switches,  new  in  design,  are  really  placed  in  the  brick  chamber 
below  the  platform  as  well  as  the  heavy  bus-bars  which  receive 


Fig.  231. — Ingot  with  16-iNcn  Cektrai.  Hule  as  Dkillkd 


and  transmit  the  current  from  the  dynamos.  It  is  onh'  thin 
threads  of  electricity,  as  it  were,  which  proceed  from  the  bus-bars 
and  from  other  parts  of  the  electrical  machinery  to  the  instrii- 
ments  of  precision  which  are  mounted  upon  the  platform.  There 
is  no  real  switchboard  upon  this  platform.  There  are  cabinets, 
each  of  which  is  devoted  to  a  dilfferent  purpose,  according  to  the 
work  it  has  to  do  ;  some  cabinets  controlling  the  exciting  cur- 
rent, others  controlling  a  dynamo.  There  are  other  cabinets 
which  control  the  output  of  the  plant,  indicating  to  which  par- 
ticular estalilishment  the  current  proceeds — whether  to  Buffalo 
or   to  the   manufactories   near   by.    All  of   these   cabinets  are 
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fitted  with  instruments  or  attacliments  which  liave  been  designed 
especially  for  the  peculiar  work  wliich  is  to  he  done  hy  the 
Niagara  Falls  Power  Company. 

The  greatest  talent  of  the  technical  forces  of  electrical  com- 
panies—and particularly  of  the  Westinghouse  Electric  and 
Manufacturing  Company  in  this  case — has  been  exerted  to  per- 


FiG.  282.— Field  Rixg,  as  Partfally  Expanded. 

feet  this  wonderful  aggregation  of  devices  vrhicli  form  the  so-called 
switchboard.  This  j^latform  is  to  the  work  in  general  precisely 
what  the  bridge  or  conning  tower  is  to  the  ocean  steamers  or  to 
the  great  fighting  machines  which  constitute  our  navy.  It  is  from 
the  bridge  or  conning  tower  that  the  warship  is  worked  or  the 
passenger  steamer  directed  in  its  course,  and  so  it  is  from  this 
platform  that  the  operation  of  the  poAver  house  is  conducted. 
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The  sluice  gates  admittiug  the  water  to  the  penstocks  of  each 
wheel  have  never  been  described  in  any  published  i)aper.  As 
there  were  no  gates  obtainable  of  a  design  which  seemed  suitable 


Fm.  233.— FiixD  Ring. 


for  this  purpose,  I  recommended  the  adoption  of  the  Stonej 
sluice  plan  as  in  use  in  Great  Britain,  and  in  some  of  the  large 
works  in  Europe.  The  gates  are  made  of  steel,  the  waterway 
being  14  feet  wide  and  12  feet  deep.  These  gates  are  operated 
by  screws  engaging  into  bronze  nuts  attached  to  the  gate  so  that 


870     FEATURES    OF    THE    POWER    DEVELOPMENT   AT    NIAGARA   FALLS. 

the  screws  remain  statiouary  in  a  vertical  position,  and  tlio  nuts 
rise  and  fall  with  the  rotation  of  the  screws.  Thoy  are  so  geared 
as  to  be  readily  operated  by  hand,  though  in  practice  the  gear- 


ing is  driven  by  an  electric  motor  of  about  S  horse-power.  The 
Stouey  sluice  gate,  as  you  may  remember,  is  provided  with  a  set 
of  rollers  between  the  gate  and  the  guide  in  which  the  gate  works. 
These  rollers  are  in  a  frame  hung  in  loops  of  chains,  one  end  of 
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the  loop  being  attached  to  the  moviug  gate  and  the  other  to  the 
stationary  framework,  so  that  as  the  gate  rises  the  rollers  move 
at  half  tlie  speed  of  the  gate,  while  the  vvater  is  prevented  from 
leaking  past  the  gate  by  strips  of  rubber  which  act  as  packing. 
The  gates  liaA^e  been  quite  successful,  and  with  the  full  pressure 
of  12  feet  of  water  upon  them,  one  man  can  raise  the  gate  with 
comparative  ease. 

The  output  of  the  Niagara  power  plant  for  the  month  ending 
March  31,  1898,  was  6,391,000   kilowatt  hours.     This  exceeds 


Fig.  235. 

the  total  output  of  the  largest  electric  plant  in  Great  Britain 
during  the  3'ear  1896.  In  a  recent  statistical  paper  read  before 
the  British  Institution  of  Electrical  Engineers  it  is  shown  tha^; 
the  total  output  of  eighty-three  of  the  principal  electricity  supply 
companies  in  Great  Britain  for  the  year  1896  was  something 
less  than  47,000,000  units.  At  its  present  rate  of  working  the 
Niagara  plant  in  one  year  exceeds  this  aggregate  by  more  than 
50  per  cent. 

As  to  the  work  that  is  being  done  through  the   output  of 
the  dynamos  in  operation,  the  great  advantage  of  an  alternate 
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Fig.  236. 


current  of  low  frequency  is  manifested  by  the  character  of  the 
various  kinds  of  energy  called  into  play. 
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In  making  the  new  mineral  carborundum,  as  in  converting 
coke  into  graphite,  the  alternating  current  yields  heat  energy. 
So  also  in  making  carbide  of  calcium,  while  for  the  production 
of  caustic  soda  and  the  making  of  bleaching  powder  as  a  by-prod- 
uct from  the  caustic  soda,  electrolytic  energy  is  required  alone. 
To  extract  the  metal  sodium  from  caustic  soda — both  lieat  energy 
and  electrolytic  energy  are  required ;  so  also  in  extracting  the 
metal  aluminum  from  the  ore  of  alumina,  heat  and  electrolytic 
energy  require  direct  current.  All  these  many  factories  and 
others  not  named  can  be  served  with  the  electric  current  in  its 
best  form,  while  in  street  railroads,  incandescent  and  arc  light- 
ing, and  motors  of  all  kinds,  direct  current  or  alternating  cur- 
rent can  be  supplied  as  required. 

The  Cataract  Construction  Company  in  this  work  aimed  to 
utilize  the  latest  achievements  in  all  parts  of  the  world.  They 
had  studied  the  various  modes  of  power  utilization  which  liad 
already  been  tried.  They  were  familiar  with  the  wire-rope  trans- 
mission of  Switzerland ;  the  high-pressure  water  service  in  Lon- 
don, where  steam  engines  and  accumulators  create  the  pressure  ; 
the  high-pressure  water  power  of  Geneva,  where  elevated  res- 
ervoirs are  used ;  the  compressed-air  system  of  Paris,  France, 
and  the  compressed-air  system,  also,  in  Birmingham,  England. 
Direct  current  electricity  in  various  places  had  been  used  for 
transmitting  power  on  a  small  scale,  but  the  Cataract  Construc- 
tion Company  adopted  the  alternating  current  of  low  frequency, 
when  there  was  no  example  in  practice  to  guide  them. 

As  for  the  size  of  unit  adopted,  it  is  true  that  in  1890  Faranti 
was  designing  engines  of  10,('00  horse-power,  with  the  expecta- 
tion of  driving  dynamos  of  10,000  horse-power  each  to  use  the 
alternating  current  of  high  frequency,  the  object  being  to  furnish 
electricity  for  lighting  purposes.  These  large  machines  have 
never  been  finished,  and  work  done  in  1890  and  1891  has  been 
discarded. 

I  was  sent  to  Rome  in  1890  to  study  the  water-power  plant  of 
the  Anglo-Roman  Company,  then  being  constructed  under  the 
direction  of  Dr.  J.  Mengarini,  where  it  was  proposed  to  supple- 
ment the  electrical  power  generated  by  steam  engines,  the  steam 
being  created  by  coke.  This  coke  was  the  refuse  of  their  gas- 
works, but  to  extend  their  output  beyond  the  capacity  of  their 
coke  production,  they  went  to  Tivoli  for  a  Avater  power,  more 
than  27  miles  away  from  Rome,  where  a  water-driven  plant  was 
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erected  to  transmit  the  electricity  to  Rome  at  a  liigli  potential 
and  a  single  phase.  The  frequency  in  this  case  was  42  full 
periods  per  second,  the  lowest  which  had  then  been  used  and 
the  lowest  that  could  be  used  to  advantage  in  arc  lighting. 

In  1892-93  the  Westinghouse  Company  exhibited  at  Pittsburg 
a  well-worked-out  scheme  of  alternating  bi-phase  current  of  33 
full  alternations  per  second,  and  that  company  has  built  the 
dynamos  for  the  Cataract  Construction  Company  now  in  use, 
with  only  25  full  alternations  per  second,  guaranteeing  their 
high  efficiency  in  every  way. 

I  regret  that  I  find  so  much  to  say  in  so  short  a  time,  and  fear 
I  have  overtaxed  your  patience,  but  thank  you  for  your  kind 
attention  to  my  effort  to  interest  you  in  what  has  filled  my  mind 
for  the  past  eight  years.  Before  leaving  you,  I  will  ask  you  to 
note  when  you  visit  the  power  house  the  arrangement  of  rack 
recently  erected  in  the  canal  on  the  designs  of  Mr.  Brackenridge. 
By  erecting  a  continuous  rack  well  out  in  the  stream,  with 
removable  sections,  the  question  of  clear  waterway  with  the 
minimum  of  labor  has  been  solved,  and  means  j)rovided  to  avoid 
stoppage  from  anchor  ice  in  winter. 
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DCCLXXXVIU  * 

HEXR Y  BESSEMER.— lSl:]-iSdS. 

Vr  JAME^    nnKI>GE,    C.M.O.,   LONDON,    en(;lanu. 

^Honorary  Member.) 


For  tlie  second  time  I  have  been  honored  by  an  invitation 
from  your  Society,  to  present  a  memorial  address  on  one  of  its 
distinguished  members.  On  the  present,  as  on  the  previous 
occasion,  I  feel  that  my  powers  are  inadequate  to  do  justice  to 
the  subject  on  which  you  have  been  good  enough  to  decide  that 
I  am  qualified  to  address  you. 

It  was  in  October,  1890,  that  you  were  gathered  to  do  honor 
to  the  memory  of  one  of  the  greatest  of  America's  engineers,  the 
number  of  whose  personal  friends  and  admirers  are,  alas  !  grow- 
ing fewer  year  by  year,  but  wliose  fame  still  remains,  aud  must 
remain  undimmed.  I  shall  have  need  to  refer  frequently  to  the 
name  of  Alexander  Lyman  Holley  in  the  course  of  this  memo- 
rial address,  for  his  career  and  that  of  Bessemer  touched,  and 
ran  parallel,  for  a  number  of  years,  and  it  was  Hollej',  who, 
after  introducing  into  the  United  States  Bessemer's  great  inven- 
tion, imparted  to  it  such  a  new  vigor,  that  it  has  grown  to-day 
to  overshadow  in  its  industrial  results  those  of  the  country  of 
its  birth. 

I  do  not  propose  to  ask  you  to  listen  to  an  obituary  of  Sir 
Henry  Bessemer ;  still  less  do  I  wish  to  attempt  any  formal 
biographical  history.  It  would  be  impossible  to  do  so,  within 
the  limits  of  your  time  and  patience.  Moreover,  Professor 
Thurston  has  already  done  more  in  that  direction  than  I  could 
reasonably  attempt  to-day;  his  "Life  of  Sir  Henry  Bessemer" 
is  indeed  an  admirable  piece  of  work ;  the  unflattering  homage 
of  a  great  American  scientist  to  a  great  English  inventor. 

*  Presented  by  title  at  tlie  Niagara  Falls  meeting  (June,  1808)  of  the  American 
Society  of  ^leclianical  Engineers,  and  forming  part  of  Volume  XIX.  of  the 
Transiictio/ts. 
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Another  reason  wh}^  I  wish  to  confine  my  remarks  within 
relatively  narrow  limits,  is  that  it  is  probable,  Bessemer's  auto- 
biography, which  was  left  practically  complete  at  the  time  of 
his  death,  will  ere  long  be  published,  and  you  will  find  in  its 
pages  far  more  than  I  could  pretend  to  tell  you. 

But  I  think  it  may  be  of  interest  to  you,  and  certainly  it  is  a 
privilege  to  me,  to  attempt  to  throw  into  high  relief  some  of  the 
leading  characteristics  of  the  man ;  some  of  the  leading  features 
of  his  career  ;  some  of  the  chief  results  of  his  work.  His  genius 
created  a  new  industry,  and  founded  a  new  age — the  age  of  steel. 
No  doubt,  if  he  had  not  accomplished  this,  others  would  have 
done  so,  just  as  if  HoUey  had  never  existed,  some  other  Ameri- 
can engineer  would  have  been  the  pioneer  of  the  steel  age  in 
America.  It  happened,  however,  that  the  two  specialized 
energies  intended  to  achieve  this  great  industrial  revolution, 
should  be  recognized  by  the  name  signs  of  Bessemer  and  of 
Holley,  and  when  those  names  are  mentioned,  we  know  just 
what  they  stand  for  in  the  world  of  progress.  At  the  same  time 
it  is  a  matter  for  regret  that  humbler  names,  belonging  to  those 
j)erhaps  forgotten  ones  whose  cooperation  did  much  to  insure 
success,  have  to  be  overlooked,  but  we  must  be  content  with  the 
reflection  that  the  victories  of  peace,  no  less  than  those  of  war, 
are  associated  almost  wholly  with  the  names  of  the  great 
leaders. 

II. 

I  approach  the  subject  of  tliis  address  with  feelings  far  dif- 
ferent to  those  that  animated  me  when  I  discoursed  about 
Alexander  Holley,  though  nearly  ten  years  had  then  passed  be- 
tween the  time  of  his  death,  and  the  erection  of  his  memorial  in 
New  York  City. 

But  the  circumstances  were  so  different.  Holley  was  taken 
from  us  at  an  age  when  his  experience  was  ripe,  and  his  energies 
— but  for  the  ravages  of  fatal  disease — were  undiminished.  Ac- 
cording to  the  chances  of  life,  he  had  many  years  of  useful  work 
before  him,  and  who  can  say  what  he  might  not  have  accom- 
plished had  he  been  spared.  But  with  Bessemer  it  was  other- 
wise. He  had  long  passed  the  limit  of  three  score  and  ten,  and 
he  was  an  exception  to  the  rule  that  the  years  granted  beyond 
that  time  are  years  of  burden  and  weariness,  for,  until  the  last, 
his  mind  was  clear,  his  body  active,  and  his  energy  and  power 


HENRY   BESSEMER. — 1813-898. 


883 


Fig.  205. 


57 


884  HENRY   BESSEMER.— 1813-1898, 

for  work  veraaineil  remarkable.  His  autobiography,  to  Avliicli  I 
referred  just  now,  and  ou  the  postliuiiious  publication  of  wliich 
he  set  great  store,  had  kept  him  closely  occupied  for  some  years, 
until  within  a  few  M'eeks  of  the  end.  His  life's  work  long  com- 
pleted, he  could  look  back  over  a  period  of  twenty-five  calm 
years,  to  the  time  when  the  strife  had  terminated,  and  the  in- 
dustry he  had  created  some  twenty  years  earlier,  had  made  his 
name  famous  throughout  the  world  ;  had  given  new  employment 
to  hundreds  of  thousands  of  workers  ;  and  had  revolutionized 
the  conditions  of  a  thousand  industries. 

Sir  Henry  Bessemer  has  passed  from  us  in  the  fulness  of 
time  ;  he  cheerfully  gave  up  a  long  life  marked  by  activity  and 
usefulness,  and  blessed  near  its  close  with  the  rare  advantage  of 
enjoying  the  fame  he  so  well  deserved,  instead  of  realizing  that 
it  would  be  attached  to  his  name  only  after  his  death.  There- 
fore his  death  calls  for  few  regrets,  other  than  those  inseparable 
from  seeing  conspicuous  landmarks  swept  away  by  the  inexorable 
waves  of  time. 

III. 

The  career  of  Bessemer  was  made  remarkable  from  its  com- 
mencement to  its  close  by  his  pov/er  as  an  inventor ;  but  it  was 
not  as  a  many-sided  inventor  that  he  earned  his  popular  repu- 
tation ;  it  was  only  by  reason  of  the  eminently  successful  process 
of  steel-making  which  bears  his  name,  and  to  the  development  of 
which  he  devoted  his  best  years,  and  most  powerful  energies, 
that  he  is  universally  known.  His  energy  as  an  inventor  is 
illustrated  by  the  record  of  the  London  Patent  Office,  a  record 
which  I  have  collected,  and  reproduce.  It  shows  that  he 
obtained  no  fewer  than  11.1:  patents  for  a  not  very  wide  range  of 
subjects  (his  few  miscellaneous  inventions  excepted),  while  two 
of  his  most  widely  used  discoveries  were  never  patented  at  all. 
And  it  must  be  borne  in  mind  that  he  was  Jiot  an  idle  inventor ; 
I  mean  that  he  was  not  one  of  those  who  hastily  patent  ideas  as 
they  may  occur ;  on  the  contrary,  every  one  of  his  specifications 
show  careful  thought,  mechanical  skill,  and  the  workings  of  a 
logical  mind.  It  is  true  that  only  one  of  his  patented  inven- 
tions bore  a  rich  harvest,  but  that  was  because  circumstances 
and  force  of  character  compelled  him  to  follow  one  road  to 
success,  instead  of  losing  himself  in  a  maze  of  intricate  paths, 
which  led  nowhere,  as  has  happened  to  so  many  brilliant  minds. 
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IV. 

Before  I  dwell  in  some  detail  on  the  more  important  inven- 
tions of  Bessemer,  I  shall  find  it  convenient  to  refer  to  two  of 
those  which  were  unprotected,  and  Avhich  brought  him — the  one, 
tardy  government  recognition,  and  the  other,  sufficient  fortune 
to  enable  him  to  conduct  the  long  and  costly  experiments  which 
resulted  in  the  successful  manufacture  of  Bessemer  steel.  The 
first  of  these  was  the  substitution  of  the  clumsy  and  easily 
evaded  system  of  government  stamps  in  use  until  the  early 
thirties,  by  a  simple  and  now  universally  adopted  device ;  the 
second  was  the  manufacture,  on  a  very  large  scale,  and  by  a 
process  kept  secret  for  nearly  forty  years,  of  the  Bessemer 
bronze  powder.  These  things  appear  simple  enough  now, 
when  every  postage  stamp  which  is  made  can  be  detached  from 
its  neighbor  by  means  of  perforations,  and  when  "gold"  paint 
— Bessemer  and  otherwise — is  made  in  a  score  of  places.  But 
at  the  time — now  about  sixty  years  ago — they  were  great  inven- 
tions, the  one  the  sudden  idea  of  a  youthful  and  brilliant  mind, 
the  other  the  result  of  patient  investigation  and  business  instinct, 
allied  with  mechanical  genius.  These  early  efforts,  together 
with  some  others  to  which  I  shall  also  refer,  and  the  authorship 
of  which  is  practically  forgotten,  were  sufficient  indications  that 
a  great  future  awaited  the  then  unknown  inventor. 

V. 

Sir  Henry  Bessemer  was  a  remarkable  illustration  of  heredity  ; 
of  that  mysterious  sequence  in  Nature,  who  sometimes  makes 
her  great  gifts  continuous  through  two,  and  sometimes,  though 
rarely,  through  three  generations.  His  father,  Anthony  Bes- 
semer, was  a  genius,  though  probably  of  the  somewhat  robuster 
sort,  as.  better  fittec'  the  times  in  wdiich  he  lived,  when  science 
was  chiefly  based  on  speculation,  and  industries  were  controlled 
by  craftsmen  and  not  by  machinery.  Anthony  Bessemer  was 
born  in  London,  in  the  cit}'  of  London,  that  is  to  say,  and  at  a 
very  early  age  he  was  taken  to  Holland,  in  Avhich  country  hia 
parents  appear  to  have  made  their  permanent  home. 

The  Dutch  surroundings  were  more  congenial  than  those  of 
London  to  the  boy,  the  future  father  of  Sir  Henry,  for  there  was 
much  engineering  work  of  a  kind  going  on  in  Holland,  in  defend- 
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ing  the  country  from  the  inroads  of  the  sea,  and  in  wresting 
more  Land  fi'om  its  encroachments.  Pumping  was  continuous, 
all  round  the  coast,  but  it  was  not  till  the  end  of  the  century 
that  steam  power  began  to  supersede  wind.  Being  sensible 
people,  the  parents  of  young  Anthony  Bessemer  allowed,  and 
indeed  assisted  him,  to  follow  his  inclinations.  He  was  appren- 
ticed to  a  mechanical  engineer,  and  in  due  time  he  took  a  con- 
spicuous part  in  the  construction  and  erection  of  the  first  steam 
25umping  engine  built  in  Holland;  it  was  employed  to  drain 
reclaimed  land  near  Haarlem. 

It  is  interesting  to  follow  the  fortunes  of  the  elder  Bessemer 
a  little  further.  His  character  and  his  career  helped  so  much 
to  mould  the  character  and  the  career  of  his  son.  Anthony 
Bessemer  must  have  been  a  very  skilled  mechanic  ;  in  all 
probability  he  was  an  able  engineer.  He  had  also  plenty  of  the 
spirit  of  the  adventurer,  and  when  he  had  learned  his  trade,  and 
could  be  taught  no  more  by  the  pumping  machinery  practice 
available,  he  sought  a  more  promising  field  for  his  enterprise. 
He  went  to  seek  his  fortune  in  Paris  at  the  age  of  twenty-one, 
and  that  he  very  early  attained  high  distinction,  is  shown  by 
the  fact  that  five  years  later  he  was  elected  a  member  of  the 
French  Academy  of  Sciences  ;  this  distinction  was  bestowed  on 
him  for  improvements  which  he  had  made  in  the  microscope.  The 
promise  of  this  auspicious  commencement  was  amply  fulfilled. 
The  London  boy  of  foreign  extraction,  and  Dutch  education, 
sought  and  found  advancement  and  wealth  rapidly,  in  Paris.  I 
fancv  that  the  genius  of  Anthony  was  possibly  of  even  a  higher 
order  than  that  of  Henry  Bessemer.  Mechanics  and  all  the  in- 
dustrial sciences  were  in  their  infancy  ;  appliances  and  tools  to 
give  embodiment  to  invention  were  but  few  and  crude.  At  the 
beginning  of  the  century  there  were  not  many  who  could  ex- 
change ideas  mechanical  and  scientific ;  technical  literature  may 
be  said  not  to  have  existed ;  the  inventor  to  be  successful  had 
of  necessity  to  rely  largely  on  himself  to  carry  out  his  ideas 
with  his  own  hands,  and  with  but  little  outside  assistance  had 
to  overcome,  or  to  evade,  difficulties.  There  was  no  cause  for 
wonder  that  so  talented  a  workman  and  so  keen  a  thinker  as 
Anthony  Bessemer  quickly  found  highly  remunerative  employ- 
ment. We  find  him  occupying  a  prominent  position  for  some 
years  in  the  Paris  mint,  and  he  must  have  possessed  much  artis- 
tic as  well  as  mechanical  skill,  since  he  was  largely  occupied  in 
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die  sinking  and  engraving.  The  copying  machine— I  mean  that 
€las.s  of  device  for  reproducing  carved  or  engraved  work  from 
an  enlarged  model — is  regarded  as  an  invention  of  the  latter 
half  of  this  present  century.  As  a  matter  of  fact  it  is  some 
seventy  years  older,  for  the  first  practical  machine  of  the  kind 
was  made  and  put  to  work  in  the  Paris  mint  by  Anthony  Bessie- 
mer.  With  congenial  surroundings,  and  increasing  prosperity, 
the  time  passed,  and  brought  him  nearer  to  the  crisis  when 
comparative  ruin,  and  flight  to  England  became  an  imperative 
necessity.  The  French  Revolution  was  at  hand  and  with  it  the 
overturning  for  a  time  of  law  and  order.  Now  Anthony  Bessemer 
was  not  only  an  inventor,  an  engineer,  and,  witliin  limits,  an  ar- 
tist ;  he  was  besides  a  shrewd  business  man,  who  foresaw  that 
it  was  better  to  lose  part  than  all,  and  he  transferred  such  prop- 
erty as  he  could  to  England.  He  had  a  narrow  chance  of  escape 
with  life,  for  he  had  incurred  the  suspicion  of  the  Patriots,  dur- 
ing a  brief  administration  of  an  almost  fatal  position  forced 
upon  him — the  distribution  of  bread  to  the  surging,  maddened, 
starving  crowd  of  Paris.  You  know  the  passage  in  Carlyle  : 
^'And  so  then  shall  be  Bakers'  Queues,  by  and  by,  more  sliarp 
tempered  than  ever ;  on  every  Baker's  door  rabbet  an  iron  ring, 
and  coil  of  rope  ;  whereon  with  firm  grip,  on  this  side  and  that, 
we  form  our  Queue ;  but  mischievous  deceitful  persons  ciit  the 
rope,  and  our  Queue  becomes  a  ravelment ;  whereupon  the  coil 
must  be  made  of  iron  chain.  Also  there  shall  be  prices  of  grain 
well  fixed  ;  but  then  no  grain  purchasable  by  them  ;  bread  not 
to  be  had  except  by  ticket  from  the  Mayor,  ievr  ounces  per 
mouth  daily  ;  after  long  swaying  with  firm  grip,  on  the  chain  of 
the  Queue.  And  hunger  shall  stalk  direful :  and  Wrath  and 
Suspicion,  whetted  to  the  Preternatural  pitch,  shall  stalk."  A 
charge  of  stinting  those  "few  ounces"  of  bread  sufficed  to  drag 
Anthony  Bessemer  from  his  post  and  cast  him  into  jDrison,  but 
he  evaded  his  further  progress  to  the  guillotine  by  escaping, 
how,  we  are  not  informed.  That  he  got  clear  with  his  life,  was 
fortunate  enough ;  the  material  loss  he  sufiered  could  be  made 
good  in  England.  So  he  came  to  London,  but  only  for  a  time, 
for  he  ultimately  married  and  settled  in  the  little  village  of 
Charlton  near  Hitchin  in  Hertfordshire.  I  do  not  know  any  of 
the  reasons  which  led  him  to  select  this  spot,  but  as  he  lived  there 
many  years,  it  was  evidently  well  adapted  to  his  purpose.  He 
did  not  retire  to  a  little  country  village  to  rust  out  in  inactivity. 
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l)ut  to  reeoramencn  a  busy,  and  if  possible,  a  prosperous  career. 
It  illustrates  the  tuany  sides  of  the  practical  character  of  this 
man,  that  he  made  this  new  start  by  the  manufacture  of  gold 
chains.  Not  on  the  old-established  linos,  whatever  they  might 
have  been,  which  filled  the  requirements  of  the  time  in  this  direc- 
tion. He  schemed  and  had  made,  new  machinery  for  the  pur- 
pose, and  it  seems  to  have  answered  as  well  as  most  of  the 
things  to  which  he  set  his  busy  hand.  Certainly  this  trade  and 
probably  others,  placed,  him  in  such  a  position  after  a  few  years^ 
that,  with  what  he  had  been  able  to  save  from  the  wreck  of  the 
revolution,  he  felt  justified  in  carrying  out  the  idea,  that  he 
would  devote  the  rest  of  his  life  to  purposeless  leisure.  As  if 
this  could  have  been  possible  with  a  man  of  Anthony  Bessemer's 
temperament. 

This  period  of  idleness  lasted  for  abovit  a  year,  when  it  be- 
came intolerable.  Then,  starting  on  a  new  path,  he  devoted  his 
energies  and  ability  to  the  trade  of  type-founding,  which  was  no 
new  trade  to  him,  as  the  dies  and  type-metal  alloys  which  he  had 
produced  in  France  had  brought  his  high  reputation.  In  this 
new  venture  his  skill,  developed  in  the  Paris  mint,  was  turned 
again  to  a  good  purpose,  and  I  can  imagine  that  he  must  have 
made  many  beautiful  fonts  with  his  own  hands.  Here  in  the  old 
Hertfordshire  village,  he  entered  into  partnership  with  Caslon, 
whose  name  is  still  famous  as  a  type-founder,  and  the  business 
flourished. 

The  Bessemer-Caslon  combination  was  firmly  established,  with 
a  factory  which  we  know  must  have  been  equipped  and  organ- 
ized far  ahead  of  any  similar  works  of  the  kind,  at  the  time  Henry 
Bessemer  was  born.  That  was  on  January  19,  1813,  and  Caslon 
became  his  godfather. 

VI. 

As  subsequent  events  proved,  the  talent  and  the  purposeful 
energies  of  the  father  were  born  with  the  son,  and  were  devel- 
oped from  his  earliest  years  by  congenial  surroundings.  The 
foundry,  the  small  machine  shop,  the  die-engraving  studio,  were, 
at  the  first,  his  playgrounds,  and  then  liis  workshop  ;  the  stories 
told  by  him  and  his  father  had  all  to  do  with  the  romance  of 
industry  and  development  of  inventions.  From  the  first  he  lived 
in  an  atmosphere  of  intelligent  labor  ;  the  secrets  of  the  foundry 
ceased  to  be  secrets  to  him  long  before  he  understood  anything 
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about  the  nature  of  the  alloys,  the  critical  points  of  fusion,  or 
the  art  of  fine  casting. 

His  education,  that  is,  his  general  education,  was  only  what 
was  afforded  by  a  country  village  in  the  first  quarter  of  the 
century,  and  by  the  somewhat  better  teaching  in  the  adjacent 
town  of  Hitchin  ;  his  real  training  was  in  the  Bessemer-Caslou 
type-foundry.     It  is  somewhat  interesting  that  the  trend  of  his 
advance  through  life  was,  Avith  some  exceptions,  an  extension  of 
the  line  marked  out  by  this  foundry,  modified  of  course  by  many 
circumstances,  which  also  subdued  the  artistic  side  of  his  prac- 
tical nature,  inherited  from  his  father,  but  which  never  sup- 
pressed it.     The  more  one  studies  the  character  of  father  and 
son,  the  more  clearly  it  appears  that  the  career  of  the  latter  was 
but  a  continuation  over  nearly  a  century  of  that  of  the  former. 
When  Henry  Bessemer  was  seventeen  years  of  age,  the  whole 
family  left  Charlton,  and  settled  in  the  north  of  London.    From 
that  time  young  Bessemer  was  practically  his  own  master,  the 
sculptor  of  his  own  fortunes,  which  yet  remained  concealed  in 
the  untouched  block  of  marble.     He  was  well  equipped  for  the 
struggle.     His  father's  gifts  were  his,  supplemented  with  some 
knowledge  of  his  father's  experiences ;  he  was  a  trained  work- 
man and  a  close  observer ;  his  mind  was  stored  with  all  the 
trade  knowledge  the  Charlton  type-foundry  could  afford ;  he  was 
ambitious,  though  with  no  defined  aim  as  yet ;  and  physicall)% 
his  strength  and  endurance  seemed  inexhaustible.      It  is  no 
wonder,  too,  that  he  quickly  found  friends,  for  the   charm  of 
manner  which  made  his  society  delightful  during  his  maturer 
years  and  his  old  age  must  have  existed  to  some  extent  in  his 
early  youth. 

So,  as  I  say,  he  came  to  London  at  the  age  of  seventeen  well 
armed  for  the  battle  of  life.  That  was  in  1830.  First  he  turned 
his  knowledge  of  easily  fusible  alloys  and  of  casting  to  account, 
but  not  in  the  direction  of  type-founding.  One  of  his  favorite 
recreations  at  Charlton  had  been  the  production  of  delicate  art- 
castings  from  moulds  modelled  by  himself ;  the  reproduction  of 
natural  objects,  of  leaves  and  flowers,  or  insects,  or  lace,  in  the 
making  of  which  the  originals  were  burnt  out  and  replaced  by 
the  more  permanent  replicas  in  metal. 

The  Italian  plaster  casts  of  figures  and  decorative  subjects 
were  very  precious  to  the  popular  British  art-sense  at  that  time, 
but  they  were  repellent  to  the  better  feelings  of  young  Besse- 
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iner,  who,  by  some  means  or  other,  made  a  connection  among 
these  i^opuhar  artists,  and  improved  their  work,  earning  money  at 
the  same  time.  But  his  chief  success  in  these  first  essays  hay  in 
the  develoijment  of  his  boyish  work  at  Charlton,  and  ere  long  he 
had  attained  quite  a  small  reputation  for  his  art  castings,  made 
and  sold,  at  first,  in  white  metal,  but  afterwards  coated  by  plac- 
ing them  in  zinc  trays,  in  solutions  of  nitrate  and  sulphate  of 
copper.  Specimens  of  this  early  work  remain  to  this  day  and 
give  evidence  that  he  would  have  risen  to  eminence  in  this 
branch  of  industrial  art  had  he  followed  it,  instead  of  being 
called  to  far  higher  and  more  important  duties. 

The  following  is  an  extract  from  an  early  edition  of  Dr.  Ure's 
Dictionary  of  Arts,  Manufactures  and  Mines,  referring  to  Besse- 
mer's  early  work  in  copper  deposition,  apparently  the  first  of 
its  kind : 

"  The  earliest  application  of  tliis  kind  seems  to  have  been  practised  about  six- 
teen years  ago,  by  Mr.  Bessemer,  of  Camden  Town,  London,  who  deposited  a 
coating  of  copper  on  lead  castings,  so  as  to  produce  antique  heads  in  relief,  about 
three  or  four  inches  in  size.  He  contented  himself  with  forming  a  few  such 
ornaments  for  his  mantlepiece,  and  though  he  made  no  secret  of  his  purpose,  he 
published  nothing  upon  the  subject.  A  letter  of  May  22,  1839,  written  by  Mr. 
J.  C.  Jordan,  which  appeared  in  the  'Mechanic's  Magazine'  for  June  8th  fol- 
lowing, contains  the  first  printed  notice  of  the  manipulation  requisite  for  obtain- 
ing electro-metallic  casts,  and  to  this  gentleman,  therefore,  the  world  is  indebted 
for  the  first  discovery  of  this  new  and  important  application  of  science  to  the  use 
of  life." 

Before  he  was  twenty,  Henry  Bessemer  had  become  an  ex- 
hibitor at  the  annual  exhibition  of  the  Eoyal  Academy,  then, 
'and  for  some  years  later,  held  at  Somerset  House;  this  brought 
him  further  into  notice,  and  helped  to  make  him,  for  so  young 
a  man,  very  prosperous.  But  like  his  father  he  regarded  a  step 
gained  only  as  the  foothold  for  a  higher  step ;  there  were  other 
means  than  casting,  to  produce  artistic  work  of  greater  utility 
and  wider  application.  There  v\'as  stamping ;  not  only  in  metal, 
but  in  card,  in  leather,  and  in  fabrics ;  the  decoration  of  many 
objects  of  wide  application,  and  therefore  possessing  large  po- 
tential profits. 

So  well  was  this  scheme  developed  and  pushed  commercially, 
that  quite  a  large  trade  was  created,  in  embossed  materials 
which  were  made  the  fashion  by  bookbinders  ;  in  lace  papers, 
which  from  that  time  to  this  have  found  a  large  and  ever  in- 
creasing use  ;  in  stamped  cards,  for  which  a  hundred  purposes 
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-^•ere  found;  and  for  sheet  metal  covered  with  raised  designs 
adapted  to  'many  decorative  purposes.  For  all  this  work  two 
essential  elements  were  needed  :  dies,  and  suitable  presses. 
The  skill  and  experience  of  the  elder  Bessemer,  gained  when 
employed  in  the  Paris  mint,  and  inherited  by  the  son,  found  a 
new  application  now,  while  his  mechanical  instinct  taught  him 
to  select  the  presses  most  suitable  for  his  purpose  ;  at  first  fly 
presses,  but  afterwards  hydraulic. 

While  following  this  line  of  work,  which  brought  him  into 
somewhat  prominent  notice,  so  that — as  already  said — his  pro- 
ductions were  found  worthy  of  exhibition  at  the  annual  show  of 
the  Eoyal  Academy,  young  Bessemer  came  into  contact  with 
some  of  the  officials  of  Somerset  House,  the  seat  of  the  inland 
revenue  department.  It  was  notorious  at  that  time  that  frauds 
on  the  government  were  perpetrated  to  an  alarming  extent  by 
the  repeated  use  of  stamps  affixed  to  deeds.  It  was  estimated 
that  an  annual  loss  of  £100,000  was  sustained  from  this  cause, 
and  to  devise  a  means  for  entirely  putting  a  stop  to  this  occu- 
pied much  of  Bessemer's  attention.  It  is  almost  siiperfluous  to 
say  that  he  arrived  at  a  solution  by  the  simplest  means,  that  of 
perforating  the  government  stamps  with  dates.  Now  that  this 
evident  method  has  found  a  hundred  uses  throughout  the 
civilized  world — to  safeguard  stamps  or  cheques,  and  to  divide 
postage  stamps,  being  among  the  most  common — it  is  a  little 
difficult  to  realize  the  importance  of  this  invention.  To  Bes- 
semer it  meant,  in  anticipation,  vast  things  :  assured  fame,  a 
retaining  fee  of  £600  a  year  as  a  government  official,  and  a  great 
advance  on  the  road  to  fortune.  In  reality,  it  meant  nothing, 
for  though  the  invention  was  at  once  adopted,  the  official  prom- 
ise was  forgotten,  overlooked  probably  during  a  political  crisis, 
and  change  of  government.  But  whatever  the  cause,  he  never 
received  any  consideration  for  the  large  sums  he  had  enabled 
the  British  Inland  Revenue  to  save.  Some  forty-five  years 
later,  when  he  had  earned  for  himself  all  the  fame  he  could  de- 
sire, and  when  bestowed  honors  were  superfluous,  he  was 
knighted  for  this  invention  which  had  been  appropriated.without 
the  possibility  of  redress,  because  he  had  not  protected  himself 
by  any  patent.  How  bitterly  Bessemer  resented  this  treatment 
is  evident  from  the  tone  of  the  very  interesting  letter  he  ad- 
dressed to  the  Times  in  October,  1878,  shortly  before  he  had 
received  the  knighthood,  and  which  I  reproduce. 
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"  THE  REWARD  OF  INVENTION. 

"  To  the  Editor  of  the  Times. 

'■  Sir  :  The  letter  wliicli  you  favored  me  by  publishing  ]a.st  week  in  relation  to 
the  refusal  of  our  Government  to  allow  the  Grand  Cross  to  be  accepted  by  our 
countrymen  has  elicited  many  kindly  and  sympathising  expressions  from  private 
correspondents  ;  but  to  the  mind  of  one  gentleman,  I  aj)pear  to  have  '  written 
with  some  bitterness.'  Now,  I  may  i>load  guilty  to  such  feeling  whenever  my 
memory  is  driven  back  by  force  of  circumstances  to  a  period  when  the  Govern- 
ment of  tills  country  inflicted  on  me  a  great  and  grievous  injustice,  in  exchange 
for  a  great  and  permanent  benefit  conferred  by  me  on  the  State. 

"  Perhaps  nothing  would  tend  so  much  to  dispel  this  morbid  feeling  as  a  brief 
recital  of  the  circumstances  to  which  I  refer. 

"  The  facts  are  briefly  these  :  At  the  age  of  seventeen  I  came  to  London  from  a 
small  country  village,  knowing  no  one,  and  myself  unknown — a  mere  cypher  in 
this  vast  sea  of  human  enterprise.  My  studious  habits  and  love  of  invention 
soon  gained  for  me  a  footing,  and  at  twenty  I  found  myself  pursuing  a  mode  I 
had  invented  of  taking  copies  from  antique  and  modern  basso-relievos  in  a  man- 
ner that  enabled  me  to  stamp  them  on  cardboard,  thus  producing  thousands  of 
embossed  copies  of  the  highest  works  of  art  at  a  small  cost.  The  facility  with 
which  I  could  make  a  permanent  die,  even  from  a  thin  paper  original,  capable 
of  producing  a  thousand  copies,  would  have  opened  a  wide  door  to  successful 
fraud  if  my  process  had  been  known  to  unscrupulous  persons,  for  there  is  not  a 
Government  stamp  or  the  paper  seal  of  any  corporate  body  that  every  common 
office  clerk  could  not  forge  in  a  few  minutes  at  the  office  of  his  employer  or  at 
his  own  home.  The  production  of  a  die  from  a  common  paper  stamp  is  the  work 
of  only  ten  minutes  ;  the  materials  cost  less  than  a  penny.  No  sort  of  technical 
skill  is  necessary,  and  a  common  copying-press  or  letter-stamp  yields  most  suc- 
cessful copies.  There  is  no  need  of  the  would-be  forger  to  associate  himself 
with  a  skilful  die-sinker  capable  of  making  a  good  imitation  in  steel  of  the 
original,  for  the  merest  tyro  could  make  an  absolute  copy  on  the  first  attempt. 
The  public  knowledge  of  such  a  means  of  forging  would,  at  that  time,  have 
shattered  the  whole  system  of  the  British  Stamp  Office,  had  I  been  so  incautious 
as  to  allow  a  knowledge  of  my  method  to  escape.  The  secret  has,  however,  been 
carefully  guarded  to  this  day. 

"  No  sooner,  however,  had  this  fact  dawned  on  me  than  I  began  to  consider  if 
some  new  sort  of  stamp  could  be  devised  to  prevent  so  serious  a  mischief.  Dur- 
ing the  time  I  was  engaged  in  studying  this  question  I  was  informed  that  the 
Government  were  themselves  cognizant  of  the  fact  that  they  were  Icsers  to  a  great 
amount  annually  by  the  transfer  of  stamps  from  old  and  useless  deeds  to  new 
skins  of  parchment,  thus  making  stamps  do  duty  a  second  or  third  time,  to  the 
serious  loss  of  the  revenue.  At  a  later  date  this  fact  was  confirmed  by  Sir  Charles 
Presley,  of  the  Stamp  Office,  who  told  me  he  believed  they  were  defrauded  in 
this  way  to  the  extent  of  probably  £100,000  per  annum.  To  fully  appreciate  the 
importance  of  this  fact,  and  realize  the  facility  afforded  for  this  species  of  fraud 
by  the  system  then  in  use,  it  must  be  understood  that  the  ordinary  impressed  or  em- 
bossed stamp,  such  as  is  employed  on  all  bills  of  exchange,  if  impressed  directly 
on  a  skin  of  parchment,  would  be  entirely  obliterated  if  the  deed  be  exposed  for  a 
few  months  to  a  damp  atmosphere.  The  deed  would  thus  appear  as  if  unstamped, 
and,  therefore,  invalid.     To  prevent  this  it  has  been  the  practice,  as  far  back  as 
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the  reicn  of  Queen  Anne,  to  gum  a  small  piece  of  blue  paper  onto  the  parch- 
r.ient  and  to  render  it  still  more  secure  a  strip  of  metal  foil  is  passed  through  it 
and  another  piece  of  paper  with  the  printed  initials  of  the  sovereign  is  gununed 
over  the  loose  ends  of  the  foil  at  the  back.  The  stamp  ts  then  impressed  on  the 
blue  paper,  which,  unlike  parchment,  is  incapable  of  losing  the  impression  by 
exposure  to  a  damp  atmosphere.  ,  ,  ,  ^..• 

'  '•  But  practically  it  has  been  found  that  a  little  piece  of  moistened  blotting- 
paper  applied  for  a  whole  night  so  softens  the  gum  that  the  two  pieces  ot  paper 
i'd'he  sdip  of  foil  can  be  removed  from  the  old  deed  most  eas.ly  and  be  applied 
"a  new  skiu  of  parchment,  and  thus  be  made  to  do  duty  a  second  or  turd  time 
Thus  the  e.pens  ve  stamps  on  thousands  of  old  .leeds  of  partnership,  leases,  and 
Ithe?  J^cuments,  when  no  longer  of  value,  offer  a  rich  harvest,  to  those  who  are 

'^''^- wItlll^"nowl^dge  of  these  facts  I  was  enabled  to  fully  appreciate  the  impor- 
tance of  anv  system  of  stamps  that  would  effectually  prevent  so  great  a  loss  o 
tr^oveminent;  nor  did  1  for  one  moment  doubt  but  that  Government  woud 
amplv  reward  me  if  I  were  successful  in  so  doing.  After  some  months  of  sttuly 
and  experiment-which  I  cheerfully  undertook,  although  it  interfered  eonsider- 
abivwth  the  pursuit  of  my  regular  business,  inasmuch  as  it  was  necessary  to 
ca  rv  on  the  experiments  with  the  strictest  secrecy,  and  to  do  all  the  work  myself 
durL  l.e  night  after  my  people  had  left  work-at  last  I  succeeded  in  making  a 
stamirthat  satisfied  all  the  necessary  conditions.  It  was  impossible  to  remove  n 
f  om  one  deed  and  transfer  it  to  another.  No  amount  of  damp,  or  even  satttra- 
UoTwUh  water,  could  obliterate  it,  and  it  was  impossible  to  take  any  impression 
from  it  capable  of  producing  a  duplicate.  ,  .^  t  i    j  t 

'""     1  :iw  nothing  of  patents  or  patent-laws  in  those  daj..  andj M  l^ad  f o^  a 
moment  thou<^ht  it  necessarv  to  make  any  preliminary  conditions  with    Govein- 
me't  IsWd  have  at  once  scouted  the  idea  as  one  utterly  unworthy      Dealing 
Tretwth  Government,  I  argued,  must  render  my  interests  ^f^'^^^^^^ 
and  in  this  full  confidence  I  wended  my  way  one  fine  morning  to  Somerset  I  ouse 
and  was  ushered  into  the  presence  of  the  chief,  Sir  Charles  Presley.     I  explained 
"    I    c   of  u  V  call,  and  showed  him  by  numerous  proofs  in  my  possession  how 
1.  i      al   M     tLps  could  be  forged,  and  also  my  mode  of  prevention      He  was 
r  th     s^^Sed'at  what  I  had  communicated  and  shown  to  him.  and  asked  me 
fo  cm  atin   u  a  few  davs,  which  I  did.  and  after  further  conversation  on  the 
ubie  t  C  ggested  that  I  should  work  out  the  principle  of  my  -ven*-"  -;- 
fullv      This  I  was  only  too  anxious  to  do  ;  and  some  five  or  six  weeks  la  er  I 
cl     d  on     in    again  w'th  a  newly -designed  stamp,  which  great^"  f --^  l'-" 
'      The  deXn  was  circular,  about  2k  inches  in  diameter,  and  consisted  of   he  Garter, 
lit  1  th    moTtoin  capital  letters,  surmounted  by  a  crown.    AVithin  the  Garter  was 
Pld    wkh  the  words  'five  pounds.'     The  space  between  the  shield  and  the 
'  irmedwth  network  in  imitation  of  lace.     The  die  had  been  execttted 

t,,;>°:s  col  „o.  oM„e,..,e  i.  ;  nor  w.,  i,  po,.!,*-  to  .aWe  any  ,mpre=s,o„  r™m 
Cl,a2sagar"conl,I.«fL„rd  AWorp  and  ,be  Sta.np  Office  auM.ormes  de.c,n„n.d 
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to  adopt  it.  I  was  then  a.sked  if,  instead  of  njceiving  a  sum  of  money  from  the 
Treasury,  I  .should  be  satisfied  with  the  position  of  Superintendent  of  Stamps,  at 
some  t'600  or  £800  per  annum.  This  was  all  I  could  desire,  and  great  was  my 
rejoicing  over  the  pfospect  before  me,  for  I  was  at  that  time  engaged  to  be  mar- 
ried, and  my  future  position  in  life  seemed  now  assured.  A  few  days  after  affairs 
had  assumed  this  satisfactory  position,  I  called  on  the  young  lady  to  whom  I  was 
engaijed  (now  'Mm.  Bessemer)  and  showed  her  the  pretty  piece  of  network  which 
constituted  my  new  parchment  stamj).  I  explained  to  her  how  it  could  never  be 
removed  from  the  parchment  and  used  again,  mentioning  the  fact  that  old  deeds 
witli  stamps  on  them,  dated  as  far  back  as  the  reign  of  Queen  Anne,  could  be 
fraudulently  used,  when  s^he  at  once  said,  '  Yes,  I  understand  this  ;  but  surely  if 
all  the  stamps  had  a  date  put  upon  them  they  could  not  at  a  future  time  be  used 
again  without  detection  ? '  This  was,  indeed,  a  new  light,  and,  I  confess,  greatly 
startled  me,  but  I  at  once  said  the  steel  dies  used  for  this  purpose  can  have  but 
one  date  engraved  upon  them.  But  after  a  little  consideration  I  saw  that  move- 
able dates  were  by  no  means  impossible  ;  and  sliortly  after  it  came  into  my  mind 
that  this  could  easily  be  effected  by  drilling  three  holes  of  about  a  quarter  of  an 
inch  in  diameter,  in  the  steel  die,  and  fitting  into  each  of  these  openings  a  steel 
plug  or  type  with  sunk  figures  on  their  ends,  giving  on  one  the  day  of  the  month, 
on  the  next  the  month  of  the  year,  and  on  the  third  circular  steel  type,  the  last 
two  figures  of  the  year.  I  saw  clearly  that  this  plan  would  be  most  simple  and 
efficient,  would  take  less  time  and  money  to  inaugurate  than  the  more  elaborate 
plan  I  had  devised  ;  but  I  must  confess,  that  while  I  felt  pleased  and  proud  at  the 
clever  and  simple  suggestion  of  the  young  lady,  I  saw  also  that  all  my  move 
elaborate  systems  of  piercing  dies,  the  result  of  months  of  study,  and  the  toil  of 
many  a  weary  and  lonely  night,  was  shattered  to  pieces  by  it,  and  I  more  than 
half  feared  to  disturb  the  deci.sion  that  Sir  Charles  Presley  had  come  to  as  to  the 
adoption  of  my  perforated  stamp  ;  but  with  my  strong  conviction  of  the  advan- 
tages of  the  new  plan  I  felt  in  honor  bound  not  to  suppress  it,  whatever  might  be 
the  result.  Thus  it  was  that  I  soon  found  myself  again  closeted  witb  Sir  Charles 
at  Somerset  House,  discussing  the  new  scbeme,  which  he  much  preferred, 
because,  as  he  said,  all  tbe  old  dies,  old  presses,  and  old  workmen  could  be  era- 
ployed,  and  there  would  be  but  little  change  in  the  office,  so  little,  in  fact,  that 
no  new  superintendent  of  stamps  was  required,  which  the  then  unknown  art  of 
making  and  using  piercing  dies  would  have  rendered  absolutely  necessary.  After 
due  consideration  my  fir.st  plan  wa.s  definitely  abandoned  by  the  office  in  favor  of 
the  dated  stamps,  with  which  every  one  is  now  familiar.  In  six  or  eight  weeks 
from  this  time  an  Act  of  Parliament  was  passed,  calling  in  the  private  stock  of 
stamps  dispersed  throughout  the  country,  and  authorising  the  issue  of  the  new 
dated  ones. 

"  Thus  was  inaugurated  a  system  that  has  been  in  operation  some  forty-five 
years,  successfully  preventing  that  source  of  fraud  from  which  the  revenue  had 
so  severely  suffered.  If  anything  like  Sir  Cbarles  Presley's  estimate  of  £100,000 
per  annum  was  correct,  this  saving  must  now  amount  to  some  millions  sterling  ; 
but  whatever  the  varying  amount  might  have  been,  it  is  certain  that  so  important 
and  long  established  system  as  that  in  use  at  the  Stamp  Office  would  never  have 
been  voluntarily  broken  up  by  its  own  officials,  except  under  the  strongest  con- 
victions that  their  lo.sses  were  very  great,  and  that  the  new  order  of  things  would 
prove  an  effectual  barrier  to  future  fraud. 

"  During  all  the  bustle  of  this  great  change,  no  steps  had  been  taken  to  inslall 
me  in  the  office.     Lord  Althorp  had  resigned,  and  no  one  seemed  to  have  author- 
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ity  to  do  anything  for  me  ;  all  sorts  of  half  promises  and  excuses  followed  eacb 

other  with  long  delays  between,  and  I  gradually  saw  the  whole  thing  sliding  out 

of  my  grasp.    Instead  of  holding  fast  to  my  first  plan,  which  they  could  not  have 

executed  without  my  aid  and  the  special  knowledge  I  had  acquired,  I  had  in  all 

the  trustfulness  of  youthful  inexperience  shown  them  another  so  simple  that 

they  could  put  it  iuto  operation  without  any  assistance  from  me.      I  had  no 

patent  to  fall  back  upon.     I  could  not  go  to  law,  even  if  I  wished  to  do  so,  for  I 

was  reminded  when  jiressing  for  mere  money  out  of  pocket,  that  I  had  done  all 

the  work  voluntarily  and  of  my  own  accord.      Wearied  and  disgusted,  I  at  last 

ceased  to  waste  time  in  calling  at  the  Stamp  Office,  for  time  was  precious  in  those 

days,  and  I  felt  that  nothing  but  increased  exertions  could  make  up  for  the  less 

of  some  nine  months  of  toil  and  expenditure.    Thus,  sad  and  dispirited,  and  with 

a  burning  sense  of  injustice  overpowering  all  other  feelings,  I  went  my  way  from 

the  Stamp  Office,  too  proud  to  ask  as  a  favor  that  which  was  indubitably  my  just 

right  ;  and  up  to  this  hour  I  have  never  received  one  shilling  or  any  kind  of 

acknowledgment  from  the  British  government.     Such  has  been  my  reward. 

"  I  am,  Sir,  your  obedient  servant, 

"Henkt  Bessemek. 
"Dekmark  IIill,  Octoher  29,  1878." 

Some  years  after  this  great  disappointment,  Bessemer  became 
a  prolific  patentee,  but  for  tbe  present  liis  mind  and  energies 
had  run  in  the  fruitful  channel  of  special  and  secret  processes. 

yii; 

"We  have  seen  how  young  Henry  Bessemer  came  to  London  at 
seventeen  years  of  age  with  ver}-  limited  means  and  unlimited 
ambition,  and,  in  anything  but  biographical  fashion,  Ave  have 
sketched  some  of  the  events  of  the  three  or  four  eventful  years 
that  followed.  Shortly  after  his  arrival  in  London  he  made  the 
acquaintance  of  a  Mr.  Allen  who  resided  in  Camden  Town,  a 
northern  London  suburb,  as  you  all  know.  This  apparently 
simple  incident  was  to  be  followed  by  results  itndreamed  of  by 
the  quiet  family,  which  included  a  number  of  children,  when 
they  accepted  their  young  friend  as  a  visitor.  Between  this 
family  and  Bessemer,  as  time  went  on,  the  closest  relations 
grew.  Add  to  this  the  fact  that  a  near  neighbor  and  friend 
named  Longsdon  had  four  sons,  and  the  elements  were  assem- 
bled which,  b}^  later  combinations,  helped  to  assure  the  success 
of  the  Bessemer  jjrocess.  It  is  a  very  commonplace  story,  one 
which  repeats  itself  daily  in  every  large  city,  but  which  does  not 
bear  great  results  many  times  in  a  century.  Bessemer  was 
happily  fated  to  marry  one  of  the  Allen  daughters,  and  Eobert 
Longsdon   to   marry   another ;    in  due  time  one  young  A  lien 
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(Richard)  was  to  run,  for  nearl}^  forty  years,  the  secret  process 
of  the  Bessemer  bronze  powder  which  was  to  help  find  the  money 
wherewith  the  experiments  in  steel-making  were  to  be  carried 
out.  Also  in  the  fulness  of  time,  Bessemer  and  Longsdon  (the 
latter  partly  from  ability  and  jDartly  because  he  possessed  a 
certain  amount  of  capital)  were  to  become  partners  prior  to  and 
during  the  years  of  the  great  steel  harvest.  And  later,  another 
of  the  Allen  boys  (William  Daniel)  was,  after  he  had  left  school, 
to  become  the  confidential  assistant  of  liis  brother-in-law  Besse- 
mer, who  was  eleven  years  his  senior,  and  afterwards  to  be  the 
head  of  Bessemer  <fc  Co.  of  Sheffield.  There  are  many  of  you 
who  knew  personally  the  late  W.  D.  Allen,  and  those  who  did, 
loved  and  honored  him  for  himself,  and  respected  him  as  a 
famous  steelmaker.  Incidentally  it  may  be  mentioned  that 
another  Longsdon  (Alfred)  followed  the  way  led  by  Bessemer, 
found  himself  ultimately  the  representative  of  Krupp,  of  Essen, 
in  England.  So  the  course  of  many  lives  was  changed  by  the 
simple  accident  of  a  chance  acquaintance. 

When  the  unfortunate  episode  of  the  stamp-perforating  device 
occurred,  Bessemer  had  advanced  far  on  the  path  of  courtship, 
and  the  disappointment,  due' to  broken  official  faith,  must  have 
been  doubly  severe,  for  it  gave  a  death  blow  to  the  immediate 
fulfilment  of  his  wishes,  though  it  stimulated  him  to  fresh 
endeavor. 

yiii. 

Until  long  after  1831  the  sole  supply  of  plumbago  suitable  for 
drawing  pencils  came  from  a  single  mine  in  Cumberland,  in  the 
parish  of  Borrowdale.  I  am  speaking  of  the  supply  for  Great 
Britain,  of  course.  It  was  a  veritable  treasure  house  this  mine, 
guarded  close  always,  and  opened  but  for  a  few  weeks  every 
year,  when  a  small  quantity  of  the  precious  mineral — some 
30,000  or  40,000  pounds  weight — was  extracted,  and  the  mine 
was  again  sealed.  The  plumbago  was  bought  chiefly  by  a  Jewish 
ring,  for  about  45s.  a  pound,  and  by  them  it  was  converted  into 
drawing  pencils.  But  the  ring  was  dependent  on  an  inner  ring, 
the  plumbago  cutter,  Avho  with  great  skill,  with  60  per  cent,  of 
waste,  and  for  21s.  a  pound,  sawed  the  brittle  stuff  into  thick 
sticks.  The  waste  only  realized  2s.  6d.  a  pound,  so  there  was 
no  wonder  pencils  were  expensive,  for  the  sticks,  when  ready  to 
go  inside  their  cedar  sheaths,  brought  £4  10s.  a  pound.     Here 
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was  an  admirable  chance  for  young  Bessemer ;  he  had  only 
commercial  men  to  deal  with,  not  government  officials,  so  lie 
knew  just  where  he  was.  First  he  designed  and  had  made  a  hy- 
draulic press  which  would  exert  a  pressure  of  -100  tons  (I  do  not 
know^  the  pressure  per  inch);  then  he  bought  up  all  the  plumliago 
duct  to  be  had  in  London  at  2s.  Od.  a  pound ;  afterwards,  grow- 
ing bolder,  he,  Avitli  a  friend,  repaired  to  Borrowdale,  where  he 
made  a  corner  in  plumbago  dust  at  highly  pleasant  prices. 

So  he  made  sure  of  his  supph*,  which,  being  pro[)erly  ground, 
lixiviated,  and  mixed  with  some  binding  material,  was  subjected 
to  the  action  of  his  400-ton  press.  Thus  he  obtaiued  compact 
slabs,  which  he  afterwards  cut  into  sticks  with  a  very  fine  saw 
which  did  not  produce  much  waste,  and  he  was  able  to  undersell 
the  market  beyond  competition.  This  is  undoubtedly  the  first 
instance  of  artificial  lead-pencil  making  in  England ;  it  is  not  a 
little  remarkable  that  so  fertile  a  brain  as  his  should  not  have 
conceived  the  notion  of  squeezing  his  plastic  mass  of  plumbago 
through  a  die  ;  that  idea,  however,  was  to  be  reserved  for  some 
one  else  in  a  future  generation.  This  pencil-making  business 
lasted  for  a  time,  and  while  bringing  in  some  profit  it  helped 
him  further  on  towards  success.  Ultimately  he  sold  his  secret 
for  £200. 

The  story  of  the  Borrowdale  plumbago  industry  is  so  curious 
that  I  give  here  an  extract  from  Lyon's  Magna  Britannia  (,1816) 
referring  to  the  subject : 

"  At  the  head  of  Borrowdale  on  the  side  of  a  very  steep  mountain  is  the 
celebrated  mine  of  wadd  or  black  lead.  The  demand  for  this  article  being  lim- 
ited, the  mine  is  only  opened  occasionally,  so  as  to  answer  that  demand.  As  this 
is  a  subi?tance  which  does  not  require  any  mechanical  proce.ss  to  prepare  it  for 
use,  great  care  is  taken  to  secure  it  from  plunder.  The  mine  is  only  accessible 
through  the  agent's  house  which  is  built  over  it.  In  consequence  of  the  ease 
with  which  depredations  on  this  property  might  be  committed,  an  act  of  par- 
liament was  passed  in  the  year  1752  to  secure  the  property,  by  subjecting  the 
stealer  and  the  receiver  to  the  same  punishment  as  for  felony.  In  the  preamble 
to  this  act  the  black  lead  is  described  as  necessary  to  the  casting  of  bomb-shells, 
round  shot,  and  cannon  balls  ;  it.s  chief  use  is  now  for  making  pencils  ;  the 
coarser  sort  is  employed  in  the  composition  of  crucibles  and  for  giving  a  black 
polish  to  iron.  The  wadd  or  black  lead  is  not  found  in  regular  veins,  but  lying 
in  lumps  or  nodules  in  the  fissures  of  the  slate-rock,  the  lumps  varying  in  weight 
from  an  ounce  or  less  upwards  of  riO  pounds.  When  the  mine  is  opened,  a  suflS- 
clent  quantity  is  procured  to  answer  the  demand  for  several  years  ;  the  black 
lead  of  the  best  quality  is  packed  in  barrels  and  sent  to  London  by  wagon,  the 
proprietor  of  which  is  bound  in  a  considerable  sum  for  its  safe  delivery.  It  is 
then  deposited  in  the  cellars  under  the  Unitarian  Chapel  in  Essex  Street,  and  oa 
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the  first  ]\ron(1ay  in  every  month  there  is  a  sale  of  it  in  an  upper  room  of  a  public 
honse  in  the  neighborhood.  The  i)eucil  makers  attend,  and  selecting  pieces  of 
the  best  cjuality,  purchase  according  to  their  respective  wants.  The  coarse  sort 
is  afterwai-ds  sold  for  other  purposes.  About  £8,000  worth  of  the  black  lead  is 
sold  in  a  year  ;  the  price  of  the  finest  quality  is  35s.  per  pound  ;  of  the  coarser, 
£120  per  ton. 

"Of  late  there  has  been  some  alarm  as  to  the  failure  of  this  useful  article  ; 
it  is  nearly  four  years  since  any  quantity  has  been  procured  ;  only  three  or  four 
barrels  were  procuied  in  1814,  but  we  are  informed  that  they  have  now  better 
prospects.  One-half  of  the  mine  is  the  property  of  Henry  Bankes,  Esq.,  M.  P., 
the  other  half  is  held  by  several  proprietors  under  a  lease  for  a  long  term  of 
years,  originally  made  by  Ileperson,  who  in  conjunction  with  Mr.  Baukes's 
ancestor,  had  a  grant  from  the  Crown." 

In  Ure's  Didioncwy  of  Arts,  Manufactures  and  Ifines  (1860), 
the  following  reference  is  made  to  the  manufacture  of  pencils, 
as  still  followed  in  England  at  that  date : 

"The  best  black-lead  pencils  of  this  country  are  formed  of  slender  parallele- 
pipeds, cut  out  hy  a  saw,  from  sound  pieces  of  plumbago,  especially  such  as  have 
been  obtained  from  Borrowdale  in  Cumberland — usually  enclosed  in  wood, 
although  of  late  years  used  in  everpointed  pencil  cases.  Pieces  of  plumbago 
sufficiently  large  to  be  thus  employed  are  very  rare,  and  the  supply  from 
the  Cumberland  mine  can  no  longer  be  relied  upon.  The  mine  has  been  closed 
for  some  years,  but  during  the  past  year  (1859)  a  company  has  been  formed  for 
again  working  it.  Many  attempts  have  been  made  to  utilize  the  smaller  frag- 
ments of  plumbago,  as  by  grinding  them,  melting  tliem  with  sulphur  and  anti- 
mony and  the  like,  but  few  have  been  attended  with  success.  The  late  Mr. 
Brockender  was  long  occupied  in  seeking  some  method.  He  powdered  and  com- 
pressed the  plumbago,  but  could  not  make  the  material  adhesive.  He  succeeded 
to  some  extent  by  exhausting  air,  and  then  compressing  small  sticks  of  the  mate- 
rial." 

The  description  of  the  pencil  works  at  Keswick  as  described 
in  Chamhers'  Journal  (1848)  is  also  so  graphic  and  correct,  that 
we  do  not  hesitate  to  transfer  more  to  these  pages  : 

'■'  The  factory  consists  of  a  house  of  several  stories  in  the  lower  of  which  is  a 
huge  water  wheel  turned  by  the  Greta  River.  Timber  is  cut  to  shape,  and  plum- 
bago is  tested  for  hardness  and  quality.  Pieces  are  glued  to  a  board,  and  then 
sawn  into  thin  slices.  The  slices  are  handed  to  the  fitter,  who  sticks  the  pieces 
into  the  grooved, rods  in  front  of  him,  and  snaps  off  the  slice  level  with  the  sur- 
face, leaving  the  groove  ])roperly  filled.  In  the  making  of  a  single  pencil,  per- 
haps as  many  as  three  or  four  slices  are  required.  The  sides  of  the  sticks  are 
covered  up  and  are  ready  for  rounding,  after  being  cut  to  lengths  by  circular 
saw." 

IX. 

Henry  Bessemer  married  at  a  very  early  age — at  twenty-one 
or  thereabouts,  I  believe  — and  I  may  dismiss  this  ail-important 


HENRY  BESSEMER. — 1813-1898.  899 

event  of  his  life  with  the  remark,  that,  unlike  so  many  early 
marriages,  his  proved  in  all  ways  a  hap^Dy  one,  and  that  it 
lasted  almost  for  the  rest  of  his  long  life,  Lady  Bessemer  having 
died  only  a  few  months  before  her  husband. 

With  new,  and,  we  may  be  sure,  joyfully  accepted  responsi- 
bilities, Henry  Bessemer's  energies  forced  him  into  fresh  ven- 
tures, all  based  on  the  previous  undertakings  which  had  proved 
so  successfiil.  The  hydraulic  press,  which  had  been  kept  busy 
in  the  compression  of  plumbago  dust  for  making  pencils,  sug- 
gested to  him  a  new  use  :  its  application  to  the  industry  his 
father  had  so  long  conducted  at  Charlton.  To  cast  type  under 
pressure,  having  first  exhausted  the  air  in  the  moulds,  was  the 
subject  of  his  first  patent.  No.  7,585,  dated  March  8,  1838,  and 
called  "  Machinery  for  casting  type."  This  proved  fairly  suc- 
cessful, and,  among  other  places,  a  plant  was  established  at  Edin- 
burgh, where  young  "W.  D.  Allen  was  sent  to  superintend  its 
installation. 

The  invention  is  interesting  as  being  probably  the  first  re- 
corded in  the  British  Patent  Office  for  casting  under  pressure. 
At  this  time,  too,  the  industrial  art  side  of  his  character  found 
practical  a^Dplication  in  the  work  of  engine  turning,  the  well- 
known  Jacob  Perkins  having  furnished  him  with  an  engine- 
turning  lathe.  With  this  he  executed  a  great  deal  of  work  with 
his  own  hands,  one  of  his  best  customers  being  Mr.  De  La  Hue, 
founder  of  the  famous  stationery  business,  and  who,  like  his 
son,  was  a  man  of  science.  The  connection  arose  out  of  the  fly- 
press  embossing  work  already  referred  to,  Bessemer  having 
found  a  ready  sale  for  this  class  of  decorative  work  with  the 
stationery  firm.  Later  on  we  shall  see  how  this  acquaintance 
brought  about  one  of  these  insignificant  incidents  on  which 
success  often  depends. 

While  busy  with  all  these  various  matters,  which  kept  him  in 
comfort  till  greater  things  should  come,  Bessemer  found  time 
to  invent  a  type-composing  machine,  the  practical  value  of 
which  was  proved  by  its  being  used  in  the  printing  office  of  one 
of  the  few  penny  weekly  magazines  then  existing ;  it  could  set 
5,000  type  an  hour.  For  some  reason  this  machine  was  never 
patented,  nor  does  it  appear  to  have  found  any  application, 
excepting  in  the  offices  of  the  Family  Herald.  Its  interest, 
therefore,  is  purely  historic,  an  evidence  of  the  ing'^nuity  of  the 
fertile  inventor. 
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It  was  about  this  time,  also,  that  lie  devised  a  cheap  means 
of  imitating  Utrecht  velvet,  by  a  moditicatiou  of  his  embossing 
process ;  this  was  introduced  with  very  considerable  success 
and  profit.  We  shall  have  occasion  later  on  to  refer  to  this  in- 
vention, which  formed  the  subject  of  a  patent  some  years  after. 

The  busy  hands  and  fertile  brain  had  enabled  their  owner  to 
amass  considerable  funds  before  he  was  thirty ;  what  fortune  he 
then  had  was  the  result  entirely  of  personal  labor,  for  he  did 
not  gather  royalties  from  his  earliest  patents  ;  in  fact,  his  name 
appears  on  the  Patent  Office  register  only  three  times  prior  to 
1843,  when  he  filed  his  first  specification  for  making  bronze 
powder.  Probably  the  type-founding  under  pressure  brought 
him  some  return ;  but  his  device  for  stopping  railway  carriages 
died  still-born,  while  his  process  for  making  glass  proved 
scarcely  profitable.  In  fact,  it  may  be  concluded  that,  with  the 
exception  of  the  long  series  of  steel-making  patents,  few  of 
Bessemer's  protected  inventions  were  a  source  of  income. 

X. 

Prior  to  the  time  when  Bessemer  turned  his  attention  to  the 
production  of  "  bronze  "  powders  the  manufacture  was  a  German 
monopoly ;  the  material,  which  was  produced  by  a  secret 
process,  found  a  large  and  highly  profitable  market  all  over  the 
world  as  a  basis  for  metallic  paint.  It  commanded  a  relatively 
enormous  price — many  pounds  sterling  per  pound. 

The  material  of  which  it  was  composed  was  comjDaratively 
worthless  ;  the  value  lay  in  the  art  of  a  long  and  tedious  manu- 
facturing process,  and  in  the  monopoly.  To  destroy  this,  and 
to  produce  an  equally  good  article  at  a  price  which  could  defy 
competition,  was  a  problem,  the  solution  of  which  was  one  entirely 
to  Bessemer's  mind.  Having  attacked  it,  he  was  not  the  man 
to  be  content  with  anything  but  complete  success.  And  he 
achieved  it,  but  not  until  his  patience  was  almost  exhausted, 
and  his  means  straitened.  The  patent  which  he  obtained  in 
1843  gives  an  indication  of  the  way,  but  not  the  method  he  pur- 
sued. For  some  time  he  encountered  only  unqualified  failure. 
He  had  designed  and  made  special  machinery  for  disintegrating 
and  reducing  to  an  impaljjable  powder  the  alloys  which  he  em- 
ployed. As  a  basis  for  a  pigment  the  material  was  satisfactory ; 
as  a  painted  surface  it  was  an  absolute  failure,  possessing  no 
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brilliancy,  no  suggestion  even  of  metallic  lustre.  The  time  and 
money  spent  in  designing  and  making  his  machineiy  were  time 
and  money  wasted ;  he  had  learnt  only  that  success  could  not 
lie  upon  the  path  he  had  followed. 

He  was  discouraged,  almost  prepared  to  admit  defeat,  and  to 
regard  his  efforts  and  his  outlay  as  so  much  dead  loss.  And 
there  is  no  doubt  he  would  have  given  up  but  for  one  of  those 
slight  accidents  which  have  all-important  consequences.  I  have 
said  that  his  acquaintance  with  the  De  La  Rues  had  been  formed 
through  his  business  relations ;  that  he  supplied  them  with 
embossed  card  and  metal,  and  executed  much  engine-turning 
work  for  them.  One  day  he  called  on  Mr.  De  La  Eue,  and 
found  him  busy  with  a  microscope ;  he  was  examining  samples 
of  flour  and  of  potato  starch,  and  he  explained  to  Bessemer  how 
he  could  detect  the  difference  between  them  by  the  form  of  their 
crystals.  The  hint  sufficed ;  if  the  source  of  starch  could  be 
thus  decided,  why  not  the  difference  between  his  useless  grains 
of  bronze  powder  and  those  made  in  Germany.  The  microscope 
did  give  up  the  secret  of  the  German  monopoly ;  it  showed  that 
while  the  grains  of  his  (Bessemer's)  paint  were  round  and  uni- 
form, those  of  German  origin  were  in  very  thin  flakes  of  irreg- 
ular shape.  . 

It  was  necessary  therefore  to  roll  the  metal  into  the  thinnest 
sheets  possible  before  breaking  it  up  into  minute  particles,  and 
not  to  grind  it  into  powder.  With  this  information  the  rest  was 
comparatively  easy,  only  it  was  necessary  to  throw  on  one  side 
all  tliat  had  been  already  done  and  to  commence  afresh.  New 
machinery,  new  experiments,  and  this  time  success  so  complete 
that  the  net  price  of  the  paint  could  be  reckoned  in  shillings 
as  compared  with  the  German  selling  price  in  pounds.  But 
Bessemer  was  far  too  good  a  man  of  business  to  spoil  the 
market ;  on  the  contrary,  he  kept  only  well  below  all  competition, 
which  followed  him  down  to  the  ultimate  loss,  by  Germany,  of 
the  market.  Competition  was,  indeed,  quite  out  of  the  ques- 
tion, for  though  the  German  product  had  carried  a  heavy  profit, 
the  means  of  production  were  slow  and  costly.  The  sheets  of 
alloy  were  hammered  out  thin  by  hand,  like  beaten  gold. 
Bessemer,  on  the  contrary,  rolled  his  metal  by  machinery  at  a 
nominal  cost,  while  the  subsequent  processes  were  equally  cheap, 
simple,  and  efiicient. 

Being  of  a  shrewd  and  secretive  mind  he  patented  no  details 
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of  liis  plant,  l>ut  (leterniined  to  work  it  as  a  secret  process  in  a 
small  factory  in  Lontli^n.  It  is  strange  that  ho  was  enabled  to 
do  this  for  nearly  forty  years ;  during  at  least  half  this  time  the 
industry  brought  in  quite  large  revenues,  putting  him  at  his 
ease,  if  not  making  him  rich.  Very  slowly  the  method  which 
had  sprung  from  his  genius  was  elaborated  by  duller  minds 
until  at  last  the  secret  had  fully  served  its  turn  and  it  was  not 
worth  while  to  continue  the  industry,  but  that  was  not  until  the 
selling  cost  had  fallen  to  one-twentieth  of  what  it  had  been 
before  Bessemer  entered  the  market. 

I  have  spoken  of  the  Allen  family,  one  member  of  wdiich 
became  Lady  Bessemer.  To  the  eldest  brother,  Kichard,  Mr. 
Bessemer  entrusted  the  entire  management  of  the  factory  so 
soon  as  it  was  in  running  order,  and  these  two,  with  one  or  two 
loyal  mechanics,  conducted  the  business,  which  was  largely 
automatic.  Naturally  the  German  manufacturers  were  furious 
at  this  sudden  and  unexpected  attack  on  their  monopoly,  and 
during  some  years  they  were  unceasing  in  their  efforts  to  learn 
the  secret  of  their  undoing.  But  Bessemer  consistently  refused 
to  consider  any  negotiations,  until,  wearied  with  fruitless  efforts 
to  gain  their  end  by  direct  means,  his  competitors  sought 
devious  ways  with  no  better  success.  The  little  factory  was 
watched  day  and  night  as  eagerly  as  if  it  had  been  an  Anarchist 
head  centre,  and  no  pains  were  spared  to  corrupt  the  small  band 
of  faithful  employees.  Sir  Henry  in  later  years  would  tell  with 
much  delight  the  story  of  one  specially  persistent  attempt. 
The  German  agent,  spy,  or  what  you  will,  sought  to  get  infor- 
mation from  the  old  Scotch  engine  driver  of  the  factory,  who  at 
once  reported  to  Mr.  Bessemer,  and  asked  for  instructions. 
"Tell  him,"  said  Bessemer,  "that  you  have  spoken  to  the 
engineer  who  designed  all  the  machinery,  and  that  he  will  see 
you  and  give  you  information  for  a  consideration."  The 
appointment  was  made,  the  engineer  being  Bessemer  himself, 
and  the  place  his  own  house  near  by.  With  much  assumed 
perturbation  on  his  part,  and  unlimited  promises  on  the  other 
side,  the  faithless  "  engineer  "  was  induced  to  show  the  working 
drawings  of  the  machinei*y,  nay  more,  to  give  facilities  for  trac- 
ing them,  which  was  done  at  express  speed.  Then  the  emissary 
departed  with  further  promises  that  the  treachery  should  be 
handsomely  rewarded.  Each  side  was  well  pleased  with  the 
negotiations,  for  the  plans  taken  over  to  Germany  were  those 
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of  the  macliineiy  that  had  resulted  in  total  failure.  Some  years 
later  Bessemer,  being  in  Germany  during  one  of  his  very  rare 
visits  abroad,  found  himself  in  the  city  where  the  factory  was 
situated,  from  which  the  easily  beguiled  agent  had  come. 
Anxious  to  learn  if  possible  the  result  of  his  practical  joke  he 
called  on  the  manufacturers,  and  the  nature  of  his  reception 
left  him  in  little  doubt  about  his  success.  Any  uncertainty, 
indeed,  which  might  have  remained  was  dispelled  a  few  hours 
later,  when  he  was  arrested  in  his  hotel  on  some  allegation 
emanating  from  the  manufacturers  aforesaid,  and  was  involved 
in  no  little  trouble  before  he  w^as  liberated  by  the  efforts  of  the 
British  consul  and  other  officials.  I  have  often  heard  Sir  Henry 
Bessemer  tell  that  story  in  a  way  that  showed  it  still  remained  a 
very  pleasant  memory. 

XI. 

I  referred  just  now  to  the  process  Bessemer  devised  for  the 
production  of  imitation  Utrecht  velvet,  a  process  which  he  worked 
himself  for  some  years  with  considerable  profit,  until  in  fact  the 
price  realized  fell  below  the  margin  wdiich  made  it  worth  his  while 
to  continue  the  industry.  The  story  of  this  incident  in  his  life 
is  told  far  better  than  I  could  tell  it,  in  the  following  letters,  the 
second  of  w^hich  was  written  about  a  year  before  Sir  Henry's 
death,  under  the  following  circumstances.  A  fragment  of  the 
velvet  came  into  the  possession  of  a  friend  of  the  family — Sir 
William  Bailey,  of  Salford — Avho  sent  it,  with  the  accompanying 
letter,  to  Mrs.  Charles  Allen,  a  niece  of  Sir  Henry  : 

*'  .  .  .  Please  receive  herewith  by  pattern  post  a  piece  of  embossed  velvet 
with  which  Sir  Henry  Bessemer  had  to  do  when  a  young  man. 

"  I  am  sorry  I  cannot  give  dates,  but  it  must  be  between  thirty  and  forty  years 
ago  that  Mr.  Pugin  the  eminent  architect  was  engaged  to  design  the  draperies  of 
the  House  of  Lords,  and  he  designed  this  pattern  velvet,  Sir  Henry  Bessemer  de- 
signing and  engraving  the  rollers  for  embossing  it.  I  obtained  it  from  Mr.  Lamb, 
who  knew  Miss  Bessemer  (Sir  Henry  Bessemer's  sister)  well. 

"  He  informs  us  that  Miss  Bessemer  was  also  clever  as  a  designer,  and  had  to  do 
with  the  embroideries  of  St.  George's  Chapel  and  Windsor  Castle,  Miss  Besse 
mer  being  one  of  the  first  to  introduce  art  needle-work  as  an  industry  for  ladies, 
into  London. 

"  Some  very  beautiful  work  was  executed  by  Miss  Bessemer's  staff,  and  amongst 
it  some  of  the  tapestries  at  Chatsworth  Hall.  The  Devonshire  Banner,  with  the 
Devonshire  Arms  richly  emblazoned  in  beautiful  colours  now  in  the  Hall,  was 
executed  under  Miss  Bessemer's  superintendence  by  the  staff  of  ladies.     .     .     ," 
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Mrs.  Allen  sent  half  of  the  iuteresting  relic  to  Sir  Henry- 
Bessemer,  and  in  acknoAvledgment  received  the  following  very 
characteristic  letter,  which  contains  some  curious  details  on  the 
subject  of  the  bronze  powder,  as  well  as  the  velvet  industry. 

"Denmark  Hill,  London,  S.  W.,  March  31,  1897. 

"  My  deak  Niece  :  Allow  me  to  thank  you  very  much  for  the  most  interestiug 
specimen  of  embossing  in  Utreclit  velvet  which  you  have  been  so  kind  as  to  send 
me  ;  it  brings  back  old  remembrances  that  will  be  for  ever  dear  to  me. 

"  My  sister  was  an  artist  of  more  than  average  ability  in  water  colour  drawing, 
and  excelled  greatly  in  the  art  of  embroidery  in  silk,  and  in  due  course  was  ap. 
])ointpd  embroideress  to  the  Princess  Victoria  before  she  became  Queen. 

"  It  is  rather  curious  that  I  seemed  boru  with  an  instinctive  taste  for  designing 
patterns,  and  when  I  reflect  on  my  natural  aptitude  for  mechanical  inventions, 
this  old  power  of  designing  foliage,  and  flowers,  but  more  especially  grotesque 
ideal  scroll  work  and  foliage,  it  seems  to  me  to  have  been  as  a  sort  of  faculty  of 
inventing  unseen  forms  in  almost  endless  variety,  and  when  I  was  only  eighteen, 
I  designed  for  one  year  the  principal  Indian  patterns  for  the  great  Indian  siik 
merchants  Everingtons  of  Ludgate-Hill.  It  is  a  curious  fact  in  connection  with 
your  friend's  letter  that  I  designed  the  patterns  embroidered  by  my  sister,  in  the 
draperies  of  the  beautiful  cradle  of  her  Gracious  Majesty's  first  infant,  at  which 
early  period  1  had  the  honour  to  be  an  exhibitor,  together  with  my  sister,  "at  the 
Iioyal  Academy,  then  held  at  Somerset  House  in  the  Strand. 

' '  My  sister  had  made  a  great  number  of  flower  paintings  which  she  put  together 
in  a  portfolio  she  had  made,  and  on  which  she  asked  me  to  write  in  bold  printing 
letters,  'Studies  of  Flowers  from  Nature  by  Annie  Bessemer.'  This  little  inci- 
dent shaped  my  whole  future  life.  I  thought  I  would  write  the  inscription  in 
gold  letters,  and  ordered  two  ounces  of  bronze  powder  (called  also  gold  powder) 
but  which  is  really  only  si  beautiful  flne  brass,  intrinsically  worth  eight  pence  per 
pound.  I  was  charged  fourteen  shillings  for  my  two  ounces  of  brass  powder, 
with  the  result  that  a  material  known  and  used  in  China  and  .Japan  for  more 
than  1,000  years,  was  still  made  by  a  roundabout  hand  process,  hence  its  great 
cost.  I  invented  an  elaborate  series  of  self-acting  machines  and  manufactured  it 
successfully.  My  fir.st  order  was  obtained  by  my  traveller,  from  the  Colebrook- 
dale  Iron  Company,  for  two  pounds  at  eighty  shillings  per  pound  net.  I  kept 
the  process  a  profound  secret  for  about  thirty-six  years;  it  furnished  me. the 
money  necessary  for  pursuing  my  many  patented  inventions,  and  then  the  .'secret 
leaked  out,  prices  went  down  and  down  until  I  was  selling  the  same  article  for 
which  I  had  eighty  shillings  a  pound,  as  low  as  two  shillings  and  ninepence, 
when  I  gave  up  the  manufacture. 

"  But  I  am  letting  my  pen  run  away  with  me,  and  forgetting  all  about  Utrecht 
velvet.  Between  forty  and  fifty  years  ago,  I  was  exhibiting  some  specimens  of 
castings  from  natural  objects,  cast  in  white  metal  and  which  were  coated  by  a 
thin  film  of  copper  deposited  thereon  from  an  acid  solution  of  that  metal.  The 
Exhibition  was  known  as  'Toblisses"  Museum  of  Arts  and  Manufacture,  which 
occupied  the  site  of  the  present  National  Gallery  in  Trafalgar  Square. 

"  These  specimens  were  seen  and  admired  by  Mr.  Pratt,  an  upholsterer  in  Bond 
Street,  and  he  sought  me  out,  showing  me  a  beautiful  piece  of  velvet  work  of 
French  manufacture;  he  proposed  to  produce  a  similar  effect  by  embossing 
Utrecht  velvet.     He  had  tried  the  embossers  of  cotton  velvet  at  Manchester  but 
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they  liad  utterly  failed.     This  sstubborn  pik-  would  not  kfej)  down,  luid  the  pal- 
teiu  was  ail  gone  in  a  few  weeks. 

■'  I  studied  tlie  (luestion  both  from  a  oheniical  and  a  meehanical  point  of  view, 
made  .some  experiments  and  found  that  my  plan  was  successful.  Tlie  simple 
fact  is  that  wool,  like  the  hair  of  all  animals,  partakes  of  the  property  of  lu>rn, 
and  is  fusible  by  heat,  but  that  high  temperature  is  destructive  if  continued  for 
more  than  a  second  of  time,  and  my  rollers  would  burn  the  whole  fabric  if  worked 
too  slowly.  There  were  many  details  to  work  out,  and  when  that  was  done  I  con- 
structed the  necessary  machinery  at  my  own  cost,  and  managed  to  have  six  shil- 
lings a  yard  for  all  the  velvet  I  passed  through  the  machine.  The  first  work 
done  by  the  machine  was  for  the  furni;-hing  of  a  suite  of  rooms  in  Windsor  Castle. 
With  this  good  introduction  the  material  became  popular  and  fashionable,  and  I 
may  add  profitable.  I  increased  the  demand  by  lowering  the  price,  and  when  it 
got  down  to  one  shilling  per  yard,  I  sold  the  machinery  to  a  manufacturer  of 
Utrecht  velvet,  at  Danbury  ;  the  price  eventually  came  down  to  twopence  per 
yai'd,  and  then  omuibusses  and  cabs  were  lined  with  it.  My  great  difficulty  was, 
I  could  find  no  one  capable  of  preparing  the  rolls,  and  had,  as  a  last  resource,  to 

do  it  my.solf.     .     .     . 

"  Your  affectionate  Uncle, 

"  IIenky  Bessemer." 

It  is  worth  noting  that  some  years  after  he  had  disposed  of  his 
process,  Sir  Henry  obtained  a  patent  for  casting  embossed  cyl- 
inders for  stamping  velvet  and  other  fabrics. 

As  I  have  said  before,  only  one  patent  was  taken  by  Bessemer 
in  connection  with  his  bronze  powder  industry.  It  is  dated 
June  15,  1843,  and  is  called  "  Certain  improvements  in  the 
manufacture  of  Bronze  aud  other  metallic  powders."  The  spe- 
cification states  that :  "  The  metal  or  alloys  of  metal  should  be 
first  reduced  to  very  thin  leaf,  so  that  one  jaound  ma}*  extend 
over  about  850  superficial  feet.  The  leaf  is  extended  upon  a 
sieve,  olive  oil  is  poured  thereon  and  forced  with  the  leaf  through 
the  sieve,  and  both  are  mixed  and  ground  in  a  suitable  grinding 
machine.  The  oil  is  afterwards  pressed  out  from  the  metallic 
powder  by  putting  it  in  bags,  and  subjecting  it  to  the  action  of 
.  a  hydraulic  press.  The  residite  is  allowed  to  crumble  and  is 
reduced  to  the  conditions  of  bronze  powder." 

XII. 

The  bronze  paint  industry  being  established  on  a  ."^oui;^  com- 
mercial footing,  and  its  management  entrusted  to  capable   and 
loyal  assistants,  Bessemer  found  time  to  devote  to  otlier  matters 
besides  the  production  of  stamped  Utrecht  velvet,  and  a  variety 
'  of  miscellaneous  work.     He  turned  his  attention  to  processes  in 
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the  production  of  glass,  and  more  especially  to  the  manufacture 
of  sugar,  and  he  labored  at  the  latter  from  1845  to  1853,  when 
more  important  problems  claimed  his  attention.  Between  these 
^•ears  he  obtained  a  number  of  patents  for  improvements  in 
methods  for  extracting  the  juice  from  the  cane,  and  its  subse- 
quent treatment.  This  work  had  a  certain  commercial  value  at 
the  time,  though  it  possesses  only  a  faint  historic  interest  now. 
But  there  is  abundant  evidence  that  the  active  brain  of  the  in- 
ventor was  concentrated  on  the  subject,  and  for  that  reason  I 
must  refer  to  it  here.  His  first  patent  (Feb.,  1849)  refers  to  the 
use  of  reciprocating  pistons  actuated  by  steam  or  other  motive 
power,  and  working  in  slotted  tubes  or  cylinders,  for  the  purpose 
of  expressing  the  juice  from  the  cane,  previously  cut  into  short 
lengths,  and  charged  into  the  tubes.  The  specification  also  re- 
fers to  a  method  of  maintaining  the  expressed  juice  at  a  constant 
temperature  when  passing  from  the  press  to  the  defecating 
vessel. 

The  second  patent  (July,  1850)  was  of  much  importance  in 
the  series.  Its  full  title  is  "  Certain  improvements  in  apparatus 
acting  by  centrifugal  force  in  the  manufacture  of  sugar,  and 
other  improvements  in  the  treatment  of  saccharine  matters  by 
such  apparatus."  These  improvements  treat  "  of  the  saccharine 
juice  of  the  cane  immediately  after  it  has  been  expressed,  and 
in  which  state  it  is  found  mixed  to  a  greater  or  less  extent  with 
small  fragments  of  the  cane,  and  the  arrangement  of  centrifugal 
filtering  apparatus  for  separating  these  particles  from  the  juice." 
After  the  cane  juice  was  thus  filtered  "  it  may  be  defecated  by 
any  of  the  usual  methods  now  practised,  when  a  certain  quan- 
tity of  coagulated  matter  will  be  found  suspended  in  the  juice." 
A  centrifugal  filtering  apparatus  was  then  employed  to  effect 
the  separation  of  this  coagulated  matter.  This  novel  method 
of  separation  is  described  as  adapted  to  various  other  stages  in 
the  process  of  sugar  manufacture. 

Patent  No.  3  (March,  1^51)  is  of  still  more  interest.  It  de- 
scribes steam-heated  open  pans  or  boilers  ;  vacuum  concentra- 
tion pans,  jacketed  and  steam  heated  ;  methods  of  crystalliza- 
tion, and  means  for  compressing  the  finished  sugar  into  moulds. 
In  February,  1852,  he  patented  improvements  on  his  original 
idea  of  plunger  presses,  together  with  several  details  of  manu- 
facture. In  the  following  July  came  another  patent  filled  with 
miscellaneous  details,  and  again  in  November,  are  three  patents 
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for  '•  Improvements  in  apparatus  for  concentrating  saccharine 
fluids."  Finally  in  July,  1853,  we  have  the  last  of  the  series 
which  deals  with  improvements  in  the  final  stage  of  crystalliza- 
tion and  refining. 

I  do  not  think  that  any  of  the  patents  couhl  have  repaid  the 
inventor  largely  for  the  trouble  and  money  he  expended  on 
them,  nor  do  I  know  what  accident  turned  his  inventive  mind 
in  a  direction  divergent  from  the  main  road  he  followed  by  jjref- 
erence.  Certain  it  is  that  he  ver}'  quickly  returned  to  metal- 
lurgical investigations,  to  follow  them  steadily  to  the  end  of  his 
active  commercial  career.  Perhaps  it  was  natural  that  in  most 
of  his  miscellaneous  inventions — the  manufacture  of  glass  ;  the 
preparation  of  sugar ;  in  his  artillery  ;  and  later  in  his  inven- 
tion to  prevent  sea-sickness — Bessemer  had  little  or  no  success, 
while  on  the  otlier  hand,  in  all  those  tilings  which  called  forth 
the  power  of  his  artistic  instinct,  or  the  skill  of  the  inventor  to 
convert  crude  minerals  to  the  use  of  man,  his  success  was  as 
certain  as  it  was  great.  There  must  have  been,  nevertheless,  a 
certain  amount  of  commercial  vitality  in  tlie  Bessemer  sugar 
patents,  for  I  find  that  in  1856  a  refinery  on  liis  system  was  in 
operation  in  Mill  Street,  Bermondsey,  the  property  of  the  Brit- 
ish Refining  Company,  which  for  a  time  were  treating  from  fifty 
to  seventy  tons  of  sugar  a  week.  It  is  also  on  record  that  he 
sold  his  French  patents  to  a  French  syndicate. 

In  connection  with  the  sugar  machiner}',  it  may  be  added 
that  Bessemer  acquired  Baxter  House,  St.  Pancras — later  to 
become  famous  as  the  place  where  Bessemer  steel  was  first 
made — for  working  an  experimental  plant.  In  the  course  of  his 
experiments  he  imported  large  quantities  of  cane  from  the  West 
Indies.  These  experiments  were  abandoned  after  the  com- 
pany was  formed  and  the  works  established  at  Bermondsey, 
while  a  part,  at  all  events,  of  the  experimental  plant  was  sent 
to  the  bronze  powder  factory,  and  converted  for  use  there. 
Ultimately  it  was  found  that  the  British  company  could  not 
stand  against  foreign  competition,  and  it  was  wound  up. 

XIII. 

The  Crimean  War,  in  which  the  allied  armies  of  England  and 
France  were  combined  against  those  of  Russia,  showed  clearly, 
among  other  failures,  the  lamentable  inefficiency  of  heavy  artil- 
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lery,  wliich  remained  ranch  in  the  same  position  which  it  occupied 
at  the  hep;inning  of  the  century.  It  naturally  followed  that  the 
War  Office  was  besieged  by  crowds  of  inventors,  each  the  j)os- 
sessor  of  the  only  secret  for  improving  ordnance,  while  the 
records  of  the  Patent  Office  bear  evidence  to  the  flood  of  inven- 
tion turning  in  this  direction.  Gradually,  improved  systems 
came  to  the  front,  of  which  but  few  have  survived ;  nevertheless 
the  close  of  the  struggle  marked  the  birth  of  a  new  era  in  war- 
fare. In  these  early  times  the  names  of  Krupp  and  Armstrong, 
of  Whitworth,  of  Palliser  and  others,  are  found  among  the  list 
of  inventors,  and  it  is  natural,  therefore,  that  that  of  Bessemer 
should  not  be  absent,  although  in  the  beginning  his  patents 
referred  to  artillery,  and  not  to  the  use  of  steel,  as  was  the  case 
a  little  later.  His  first  patent  of  this  kind  (August,  1853)  was  a 
very  remarkable  one,  though  I  cannot  find  it  ever  went  further 
than  drawing  paper.  It  was  nothing  less  than  a  breechloading 
automatic  gun,  in  which  the  force  of  recoil  was  used  to  set  in 
motion  self-acting  apparatus,  by  the  agency  of  water  under 
pressure,  or  of  steam,  to  perform  the  various  functions  of  open- 
ing the  breech,  loading,  closing  the  breech,  firing  and  so  on. 
There  is  of  course  nothing  in  common  between  the  smoothbore 
cast-iron  gun,  discharging  round  shot,  and  the  high  velocity 
Maxim  ;  still  it  is  of  great  interest  to  bear  in  mind  that  the 
principle  of  automatic  loading  and  firing  was  carefully  de- 
scribed, and  worked  out  in  detail,  more  than  forty  years  ago,  by 
one  of  the  most  cajjable  inventors  of  the  century. 

The  next  year  f  January,  1855)  we  find  a  patent  for  reducing 
recoil  by  making  openings  for  gas  escajje  near  the  muzzle,  and 
Ihe  same  specification  claims  making  ordnance  by  casting  them 
solid,  and  then  boring.  "  The  metal  should  be  prepared  accord- 
ing to  the  process  described  in  tlie  specification  of  Lelter  Patent, 
granted  to  Henry  Bessemer.  January  10,  1855,"  for  "Improve- 
ments in  the  manufacture  of  Iron  and  Steel."  Henceforth  in- 
ventions with  regard  to  artillery  had  a  wider  scope  to  Bessemer  ; 
he  had  found  as  he  considered,  a  new  material  from  which  guns 
could  be  made  stronger  and  more  reliable  than  had  been  pre- 
viously possible.  It  should  be  remarked  with  regard  to  this 
patent  that  Bessemer  had  been  anticipated  by  Krupp,  so  far  as 
casting  solid  and  boring  out  Avere  concerned,  for  Krupp  had 
patented  the  same  idea  in  December,  1852. 

The  next  two  patents  (June   and  October,  1855)  deal  chiefly 
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with  methods  of  casting  with  the  new  metal,  but  after  this  date 
the  inventor  is  concerned  wlioily  with  details  and  new  ideas. 
Then  in  January,  18G1,  we  find  a  proposal  for  making  a  gun  in 
two  parts,  and  for  casting  steel  projectiles  which  were  after- 
wards stamped  or  rolled.  The  following  April,  he  patented 
elongated  projectiles  with  longitudinal  grooves  diverted  at  right 
angles,  near  the  head  of  the  shot ;  this  was  to  ensure  rotation. 
The  specific;! tion  is  interesting  in  that  it  describes  a  method  of 
strengthening  old  bronze  guns  by  enlarging  the  bore,  and  insert- 
ing a  lining  tube,  "  of  .copjjer  or  gun  metal,  or  wrought  iron  or 
steel."  At  a  later  date  a  fierce  controversy  raged  between  two 
rival  re-inventors  of  this  method.  The  specification  of  Januarv, 
1864,  describes  machinery  for  rolling  spherical  shot  and  has  no 
great  interest.  In  August,  18(>7,  Bessemer  patented  an  arrange- 
ment of  breech-loading  ordnance  for  firing  heavy  projectiles  of 
from  one  to  ten  tons  ;  the  scheme  is,  however,  of  little  interest, 
except  that  it  contemplates  the  use  of  air  compressed  to  from 
5,000  to  10,000  pounds  per  square  inch,  as  the  propelling  energy. 
In  November,  1870,  we  have  a  very  lengthy  specification  for  a 
gun  of  great  length  in  which  the  gas  pressure  is  to  be  maintained 
uniform  while  the  projectile  is  in  the  gun.  This  was  to  be 
effected  by  placing  a  steel  block  in  the  powder  chamber,  drilled 
with  a  large  number  of  holes,  j)erhaps  one  or  two  hundred,  and 
each  to  contain  a  cartridge.  Firing  was  to  be  automatic  and 
successive.  It  is  quite  unnecessary  to  say  that  the  invention 
was  never  tried ;  indeed  one  wonders  to  find  it  on  our  list.  The 
idea  of  progressive  explosions  in  a  gun  appears,  however,  to 
have  possessed  a  special  attraction  to  Bessemer  at  this  time,  for 
we  find  a  second  very  elaborate  specification  on  the  same  sub- 
ject filed  by  him  in  June,  1871.  The  last  patent  we  have,  bears 
only  incidentally  on  artillery ;  it  is  dated  March,  1873,  and  has 
to  do  with  steady-platforms  for  mounting  guns  at  sea ;  this  was 
suggested  by  his  idea  for  suppressing  sea-sickness,  an  idea  which 
he  pursued  to  its  unfortunate  end,  with  his  characteristic  en- 

XIV. 

We  come  now  to  the  commencement  of  the  most  important 
part  of  Henry  Bessemer's  career,  for  which  his  previous  work 
had  been  a  long  preparation,  and  to  which  he  was  guided  by 
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following  up  an  investigation,  of  itself  valueless,  but  which  led 
the  Avay  towards  the  most  important  industrial  discovery  of  the 
century — th^t  of  the  "  Bessemer  process."  As  I  have  just  men- 
tioned, the  inefficiency  of  the  artillery  emjdoyed  by  the  English, 
French,  and  Russians  during  the  Crimean  War,  encouraged  a 
host  of  more  or  less  practical  inventors  to  devise  new  means  of 
improving  the  durability  and  power  of  guns,  and  the  range  and 
penetration  of  projectiles.  The  end  of  round  shot  and  cast  iron 
or  bronze  heavy  artillery  was  at  hand,  but  the  direction  from 
which  the  improvement  was  to  come  had  been  scarcely  indi- 
cated. 

It  was  natural  that  Bessemer  should  be  among  the  ranks  of 
the  artillery  inventors.  His  first  patent,  as  we  have  seen,  dealt 
with  a  matter  far  ahead  of  the  time ;  nothing  less,  indeed,  than 
the  automatic  loading  and  firing  of  guns  by  the  action  of  recoil. 
More  practical  were  his  further  investigations.  He  had  designed 
some  elongated  projectiles  to  be  fired  from  a  smooth  bore,  with 
the  object  of  securing  longer  and  greater  penetration. 

His  ideas  were  ingenious  and  practical.  He  spirally  grooved 
his  elongated  shot  longitudinally,  concluding  that  the  reaction  of 
the  powder  gases  would  cause  rotation. 

He  laid  his  plans  before  the  War  Office,  and  received  no  con- 
sideration. Probably  he  did  not  seek  for  such,  bearing  in  mind 
his  past  experience  with  government  officials.  But  he  went  to 
Paris  and  offered  his  services  to  the  Emperor  Napoleon,  wha 
took  a  deep  interest  in  the  scheme.  He  gave  Bessemer  every 
possible  facility.  Firing  trials  were  arranged  at  Vincennes,  and 
thither  the  inventor  went  with  a  number  of  his  projectiles — 30- 
pounders.  These  were  fired  from  a  4A-inch  12-pounder  gun  and 
fully  proved  the  claims  for  rotation.  But  the  guns  were  lamen- 
tably weak.  On  one  of  tliese  occasions.  Colonel  Minie,  the 
inventor  of  the  rifle  that  bore  his  name,  expressed  his  opinion 
to  Mr.  Bessemer  that  it  was  useless  to  fire  such  projectiles  from 
a  cast-iron  gun.  Stronger  material  was  necessary.  Mr.  Besse- 
mer realized  the  truth  of  this  objection.  How  to  obtain  a 
stronger  material  was  the  problem  awaiting  solution.  That  was 
the  beginning  of  the  Bessemer  process. 

In  following  this  investigation,  the  experiments  of  Fairbairn 
of  melting  scrap  iron  with  pig  probably  suggested  the  line  of 
experiments  he  at  first  decided  to  follow.  Fairbairn,  however, 
had  melted  his  mixtures  in  a  cupola  furnace,  with  the  result  that 
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the  iron  was  heavily  charged  with  sulphur,  and  was,  therefore, 
unsuited  for  his  purpose. 

To  avoid  this,  Bessemer  used  a  reverberatory  furnace,  the  grate 
of  which  was  wider  than  the  hearth,  while  arrangements  were 
made  to  introduce  a  plentiful  supply  of  air  at  the  back  of  the 
bridge,  which,  meeting  with  the  gases  from  the  furnace,  caused 
a  continuous  and  intense  heat  to  sweep  over  the  surface  of  the 
hearth,  and  thence  it  flowed  to  a  down-cast  shaft  leading  to  the 
chimney.  The  hearth  was  filled  with  a  bath  of  molten  pig-iron 
into  which  were  placed  broken-up  pieces  of  blister  steel  made 
from  Swedish  and  other  charcoal  iron.  The  charge  was  melted 
in  the  bath  without  any  contact  with  the  fuel. 

This  arrangement  formed  the  subject  of  the  first  of  the  long 
series  of  the  Bessemer  iron  and  steel  patents.  It  is  dated 
January  10,  1855,  and  is  entitled,  "  The  manufacture  of  iron  and 
steel."  Amongst  a  description  of  several  other  suggestions  we 
have  the  following:  "  The  combination  by  fusion  of  pig  or  cast 
iron  with  steel  may  be  efi'ected  either  in  a  reverberatory  or  cupola 
furnace.  Thus  steel  may  be  used  in  a  bath  of  molten  cast  iron 
in  th6  reverberatory  furnace.  .  .  .  The  quantity  of  steel  used 
with  the  iron  will  be  regulated  by  the  quality  required  in  the 
mixture.  After  casting,  it  may  be  much  softened  by  annealing." 
This  was  very  interesting,  but  it  was  not  the  Bessemer  process, 
only  the  first  practical  step  toward  it.  The  results  obtained 
may  be  best  described  in  Sir  Henry  Bessemer's  own  words : 
"  Some  of  the  samples  of  metal  I  produced  by  this  process  were, 
when  annealed,  of  an  extremely  fine  grain  and  great  strength. 
At  this  stage  of  my  experiments  I  determined  on  casting  a 
small  model  gun,  which  in  the  lathe  gave  shavings  slightly 
curled,  and  closely  resembling  the  shaving  from  a  steel  ingot. 
The  metal  when  polished  also  looked  white  and  close-grained 
like  steel.  I  was  so  well  pleased  with  this  casting  that  I  took 
it  over  to  Paris,  obtaining  an  audience  with,  and  showing  it  to, 
the  Emperor,  who  had,  in  fact,  encouraged  me  to  make  an 
attempt  to  improve  the  iron  employed  in  making  heavy  ord- 
nance. .  .  .  His  Majesty  also  gave  me  permission  to  erect 
my  furnace  at  the  government  cannon  foundry  at  Ruelle,  near 
Angouleme,  to  which  place  I  went  with  proper  introductions, 
for  the  purpose  of  arranging  all  necessary  details.  I  also  sent 
over  from  England  several  thousand  special  firebricks  for  the 
erection  of  the  furnace."     But  the  furnaces  at  Kuelle  were  des- 
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tilled  never  to  be  completed,  for  by  an  accident  the  investigator's 
attention  -was  diverted  to  a  different  direction.  I  cannot  do 
better  than  again  quote  Sir  Henry's  own  description  of  the 
incident :  "  Some  pieces  of  pig  iron  on  one  side  of  the  bath 
attracted  my  attention  by  remaining  unmelted  in  spite  of  the 
great  heat  of  the  furnace,  and  I  turned  a  little  more  air  through 
the  fire  bridge,  with  the  intention  of  increasing  the  combustion ; 
on  again  opening  the  furnace  door,  after  an  interval  of  half  an  liour, 
these  two  pieces  of  pig  remained  unfused.  I  then  took  an  iron 
bar  with  the  intention  of  pushing  them  into  the  bath,  w^hen  I 
discovered  they  were  merely  thin  shells  of  decarbonized  iron, 
thus  showing  that  atmospheric  air  alone  was  capable  of  wholly 
decarbonizing  pig  iron  and  converting  it  into  malleable  iron 
without  puddling,  or  any  other  manipulations.  It  was  this  that 
gave  a  new  direction  to  my  thoughts,  and  after  due  considera- 
tion I  became  convinced  that  if  air  could  be  brought  in  contact 
with  a  sufiiciently  extensive  surface  of  molten  crude  iron,  the 
latter  would  rapidly  be  converted  into  malleable  iron." 

This  accident  was  at  once  turned  to  account,  and  an  interest- 
ing series  of  experiments  carried  out ;  but  before  we  refer  to 
these  I  may  trace  as  briefly  as  possible  the  progress  of  the 
invention  as  shown  in  the  Patent  Office's  records.  I  have  already 
referred  to  the  first;  the  second  is  dated  ITtli  October,  1855, 
"  The  Manufacture  of  Cast  Steel."  In  this  a  furnace  was  em- 
ploved  large  enough  to  contain  a  series  of  crucibles,  into  each 
of  which  depended  nearly  to  the  bottom  a  pipe  perforated  with 
holes,  but  closed  at  the  end.  When  the  molten  pig  iron  was 
charged  with  the  crucibles,  steam  at  first,  and  air  under  pressure 
afterwards,  was  forced  through  the  pipes,  with  the  molten  metal 
escaping  upwards.  "  Air  is  used  to  complete  the  operation  ;  the 
change  will  soon  became  apparent ;  the  metal,  which  may  have 
lost  much  of  its  heat  during  the  steaming  process,  will  rapidly 
brighten  wp,  an  increase  of  flame  will  be  observed,  and  a  rapid 
increase  in  the  temperature  of  the  metal  will  take  place." 
This  is  a  very  important  point,  because  it  shows  how  clearly 
Bessemer  appreciated  the  end  in  view  and  the  general  way  of 
attaininof  it,  though  his  mechanical  details  were  still  crude  and 
imperfect.  He  says :  "  The  state  of  the  metal  may  be  tested 
by  dij^ping  out  a  sample,  as  practised  in  refining  copper ;  if  too 
much  carbon  is  retained  the  pipe  may  again  be  introduced  for  a 
short  time,  or  a  small  quantity  of  scrap  iron  may  be  put  into  it ; 


HENRY  BESSEMER. — 1813-1898.  913 

but  if  too  much  carl)o;i  lias  been  driven  off,  an  addition  may  be 
made  of  some  melted  iron  from  the  finery  or  cnpola  furnace." 

Next  comes  a  specification  dated  December  7,  1855 — "  The 
manufacture  of  iron,"  in  which  the  turning  converter  is  first  de- 
scribed. "  The  molten  iron  is  to  be  refined  after  it  leaves  the 
blast  furnace,  and  is  still  in  a  fluid  state  ;  for  this  purpose  it  is 
run  into  a  preferably  spherical  or  egg-shaped  iron  vessel  lined 
with  fire  brick  or  other  refractory  material  being  a  slow  con- 
ductor of  heat.  The  vessel  is  supported  on  a  frame,  and  is 
fitted  with  a  handle  for  tipping  it  to  pour  out  its  contents.  By 
means  of  jointed  or  flexible  or  other  pipes,  a  blast  of  air  or 
steam  or  both  is  conveyed — below  the  surface  of  the  molten 
metal,  which  it  bubbles  up,  a  highly  heated  blast  of  air  being  re- 
quired. In  either  case  the  oxygen  thus  introduced  into  the 
metal  will  carry  off  a  large  portion  of  carbon  and  the  impuri- 
ties." The  characteristics  of  blowing  a  charge  are  described  in 
the  specifications. 

"  During  the  operation  the  metal  undergoes  ebullition  and  in- 
creases in  temperature  ;  the  appearance  of  the  flame,  sparks, 
and  slag  issuing  from  the  top  of  the  crucible  indicate  the  state 
of  the  metal.  After  the  operation  has  continued  for  about  half 
an  hour  the  flame  gradually  diminishes,  and  thus  indicates  to 
the  M'orkman  that  the  process  is  completed,  and  that  the  crude 
metal  has  been  converted  into  a  nearly  pure  malleable  iron." 
The  i3atents  dated  January  4  and  February  12,  1856,  deal  with 
improved  and  new  mechanical  details  of  the  process,  and  on  the 
following  March  15tli  we  find  an  interesting  development  of  the 
suggestion  for  recarburizing  referred  to  in  the  specification  of 
October  7,  1855.  "  Carbonaceous  matters,  such  as  charcoal,  an- 
thracite, or  carbonate  of  iron,  rich  in  carbon,  may  be  placed  in 
the  crucible  or  vessel  with  the  metal — or  gases  produced  by 
passing  air  or  steam  through  ignited  fuel,  may  be  forced  into 
the  molten  metal.  The  gases  thus  used  may  have  either  a  car- 
burizing  or  decarburizing  effect,  whereby  the  inventor  can  pro- 
duce either  malleable  iron  or  steel  as  described." 

Now  we  will  turn  from  the  Patent  Ofl&ce  record  to  the  new 
series  of  experiments  conducted  by  Mr.  Bessemer  at  Baxter 
House,  St.  Pancras.  After  the  incident  which  led  him  to  aban- 
don the  reverberatory  furnace,  the  period  extends  from  about  the 
middle  of  1855  to  the  middle  of  1856,  when  he  prepared  liis  fa- 
mous paper  for  the  British  Association  for  the  Advancement  of 
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Science.  Accident  had  shown  him  that  air  alone  would  decarbu- 
rize  pig  iron  ;  this,  therefore,  was  the  Hue  he  decided  to  follow.. 
He  carried  out  a  series  of  experiments  with  crucibles  containing 
melted  pig  iron,  and  exposed  it  to  the  action  of  a  blast  of  air 
admitted  near  the  bottom  of  the  charge,  as  described  in  his 
specification  of  October  17,  1855,  above  referred  to.  The  cruci- 
bles were  half  filled,  the  charge  in  each  being  about  ten  pounds 
of  metal,  and  this,  after  half  an  hour's  blowing,  was  converted 
into  soft  malleable  iron.  So  far  so  good ;  the  complete  decar- 
burizing  action  was  proved,  but  the  crucible  had  to  be  kept  at. 
a  high  temperature  in  a  furnace. 

XV. 

The  problem  now  was  to  decarburize  the  charge  completely, 
and  to  keep  it  in  a  fluid  condition  by  the  vehement  combustion 
of  impurities  maintained  by  a  sufiicient  blast  of  air  forced  into 
the  molten  mass  under  considerable  pressure.  The  converter 
was  a  fixed  cylindrical  fire-clay  lined  chamber,  with  a  row  of 
tuyeres  round  it  near  the  bottom,  and  a  hole  at  the  top  for  the 
escape  of  gases.  The  charge  was  ten  hundredweight,  and  the 
pressure  of  the  blast  about  fifteen  pounds.  After  the  blast  had 
been  turned  on  for  about  ten  minutes  all  remained  quiet ;  then 
issued  such  an  eruption  of  sparks  and  flames,  such  a  succession 
of  explosions  and  discharges  of  molten  slags,  that  all  the  sj)ec- 
tators  were  desperately  alarmed,  and  the  building  was  nearly  set 
on  fire.  x\fter  a  time  the  volcanic  action  ceased,  and  on  empty- 
ing the  converter  the  charge  was  found  to  be  changed  into 
"  wholly  decarburized  malleable  iron."  In  this  way  the  Besse- 
mer process  came  into  existence  ;  all  that  remained  was  patient 
investigation  and  modification  of  mechanical  details  ;  and  the  far 
more  difiicult  task  of  overcoming  prejudice,  disbelief,  and  hos- 
tility. Many  years  had  to  pass  before  these  latter  difficulties 
were  subdued. 

In  February,  1856,  the  converting  vessel  on  trunnions  was 
patented,  naturally  in  a  somewhat  crude  form,  though  the  ex- 
periments at  Baxter  House  were  carried  on  in  fixed  converters ; 
at  all  events  this  was  so  as  late  as  August,  1856,  when  his  Brit- 
ish Association  paper  was  written.  But  during  the  whole  of 
that  year  he  had  not  ceased  to  improve  the  details  of  the  pro- 
cess, more  especially  giving  his  attention  to  the  production  of 
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steel  in  the  converter.  In  this  connection  the  patent  of  May 
31st  is  of  interest ;  it  was  by  this  patent  he  was  the  first  to 
claim  casting  under  h^'draulic  pressure,  a  claim  under  which  Sir 
Joseph  "Whitworth  paid  royalty  some  years  afterwards. 

As  may  be  readily  supposed  these  experiments  had  not  taken 
place  in  silence.  Bessemer  was  at  that  time  an  eminently  suc- 
cessful man  whose  position  in  practical  science  was  assured.  The 
new  process,  so  revolutionary  in  its  method,  so  unlimited  in  its 
application  and  development — if  half  were  true  that  was  said 
about  it — created  a  profound  sensation  in  certain  small  circles, 
and  the  announcement  that  he  would  read  on  August  13,  1856, 
a  paper  on  his  process,  before  the  British  Association  for  the 
Advancement  of  Science,  which  that  year  met  in  Cheltenham, 
was  received  with  the  deepest  interest,  heightened  by  the  some- 
what sensational  title,  "  On  the  Manufacture  of  Malleable  Iron 
and  Steel  without  Fuel."  I  have  no  hesitation  in  reproducing 
this  paper  here ;  it  possesses  deep  interest,  and  is  a  somewhat 
rare  document,  the  members  of  Council  of  the  British  Associa- 
tion having  sagaciously  decided  subsequently  that  it  was  not 
worthy  to  find  a  place  in  their  Transactions. 

Mr.  Bessemer  has  placed  on  record  how  the  writing  and  read- 
ing of  this  paper  came  about :  "  I  consulted  Mr.  George  Rennie, 
the  eminent  civil  engineer.  I  showed  him  a  small  upright  fixed 
cylindrical  converter,  and  in  it  we  made  a  charge  of  seven  hun- 
dred weight  of  Blaenavon  pig  iron  into  an  ingot  of  malleable  iron. 
Mr.  Rennie  was  in  raptures  with  the  result,  and  said, '  You  must 
not  keep  the  light  under  a  bushel  for  a  single  day  longer ;  and, 
by  the  bye,  there  is  a  first-rate  opportunity  for  you.  The  British 
Association  meets  at  Cheltenham  next  Tuesday ;  read  a  paper 
there,  by  all  means.  I  am  president  of  the  mechanical  section ; 
it  is  true  all  the  papers  are  arranged,  but  if  you  will  write  a 
paper  I  will  take  the  responsibility  of  placing  it  first  on  the  list.' 
He  kept  his  promise,  and  I  read  my  paper  on  the  'Manufacture 
of  Malleable  Iron  without  Fuel,'  which  appeared  verbatim  in 
the  next  day's  Times." 

The  following  is  the  text  of  the  paper  : 

"The  manufacture  of  iron  in  this  country  has  attained  such  an  important  posi- 
tion that  any  improvement  in  this  branch  of  our  national  industry  cannot  fail  to 
be  a  source  of  general  interest  and  will,  I  trust,  be  sufficient  excuse  for  the  pres- 
ent brief  and,  I  fear,  imperfect  paper.  I  may  mention  that  for  the  last  two  years 
my  attention  has  been  almost  exclusively  directed  to  the  manufacture  of  malle- 
59 
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al>le  iron  and  steel  in  which,  however,  I  had  made  but  little  progress  until  within 
the  la.st  eiglit  or  nine  months.  The  constant  pulling  down  and  rehuihling  of 
furnaces  and  the  toil  of  daily  experiments  with  large  charges  of  iron  had  already 
begun  to  exhaust  my  stock  of  patience,  but  tlie  numerous  observations  I  had 
made  during  this  very  unpromising  period  all  tended  to  confirm  an  entirely  new 
view  of  the  subject  which  at  that  time  forced  itself  upon  my  attention,  viz.,  that  I 
could  produce  a  much  more  intense  heat  without  any  furnace  or  fuel  than  could 
be  obtained  by  either  of  the  modifications  I  had  used  ;  and,  consequently,  that  I 
should  not  only  avoid  the  injurious  action  of  mineral  fuel  on  the  iron  under 
operation,  but  I  should,  at  the  same  time,  avoid  also  the  expense  of  fuel.  Some 
preliminary  trials  were  made  on  from  10  pounds  to  20  pounds  of  iron,  and, 
althouijh  the  process  was  fraught  with  considerable  difficulty,  it  exhibited  such 
unmistakable  signs  of  success  as  to  induce  me  at  once  to  put  up  an  apparatus 
capable  of  converting  about  7  hundredweight  of  crude  pig  iron  into  malleable 
iron  in  30  minutes.  With  such  masses  of  metal  to  'operate  on,  the  difficulties 
which  beset  the  small  laboratory  experiments  of  10  pounds  entirely  disappeared. 
On  this  new  field  of  inquiry  I  set  out  with  the  assumption  that  crude  iron  con- 
tains about  five  per  cent,  of  carbon  ;  that  carbon  cannot  exist  at  a  white  heat  in 
the  presence  of  oxygen  without  uniting  therewith  and  producing  combustion  ; 
that  such  combustion  would  proceed  with  a  rapidity  dependent  on  the  amount  of 
surface  of  carbon  exposed  ;  and,  lastly,  that  the  temperature  which  the  metal 
would  acquire  would  be  also  dependent  on  the  rapidity  with  which  the  oxygen 
and  carbon  were  made  to  combine,  and  consequently  that  it  was  only  necessary 
to  bring  together  the  oxygen  and  carbon  in  such  a  manner  that  a  vast  surface 
should  be  exposed  to  their  mutual  action  in  order  to  produce  a  temperature 
hitherto  unattainable  in  our  largest  furnaces.  With  a  view  of  testing  practically 
this  theory  1  constructed  a  cylindrical  vessel  3  feet  in  diameter,  and  5  feet  in 
height,  somewhat  like  an  ordinary  cupola  furnace,  the  interior  of  which  is  lined 
with  firebricks,  and  at  about  2  inches  from  the  bottom  of  it  I  insert  five  tuyere 
pipes,  the  nozzles  of  which  are  formed  of  well-burned  fire-clay,  the  orifice  of  each 
tuyere  being  about  |  of  an  inch  in  diameter  ;  they  are  so  put  into  the  brick  lining 
(from  the  outer  side)  as  to  admit  of  their  removal  and  renewal  in  a  few  minutes 
when  they  are  worn  out.  At  one  side  of  the  vessel,  about  half  way  up  from  the 
bottom,  there  is  a  hole  made  for  running  in  the  crude  metal,  and  on  the  oppo- 
site side  there  is  a  tap-hole  stopped  with  loam,  by  means  of  which  the  iron  is 
run  out  at  the  end  of  the  process.  In  practice  this  converting  vessel  may  be 
made  of  any  convenient  size,  but  I  prefer  that  it  should  not  hold  less  than  one, 
or  more  than  five,  tons  of  fluid  iron  at  each  charge.  The  vessel  should  be  placed 
so  near  to  the  discharge  hole  of  the  blast  furnace  as  to  allow  the  iron  to  flow 
along  a  gutter  into  it  ;  a  small  blast  cylinder  will  be  required  capable  of  com- 
pressing air  to  about  8  or  10  pounds  to  the  square  inch.  A  communication 
having  been  made  between  it  and  the  tuyeres  before  named,  the  converting 
vessel  will  be  in  a  condition  to  commence  work  ;  it  will,  however,  on  the 
occasion  of  its  being  used  after  relining  with  firebricks,  be  necessary  to 
make  a  fire  in  the  interior  with  a  few  buckets  of  coke,  so  as  to  dry  the  brick- 
work and  heat  up  the  vessel  for  the  first  operation,  after  which  the  fire  is  to  be 
all  carefully  raked  out  at  the  tapping  hole  which  is  again  to  be  made  good  with 
loam.  The  vessel  will  then  be  in  readiness  to  commence  work,  and  may  be  so 
continued  without  any  use  of  fuel  until  the  brick  lining  in  the  cour.se  of  time 
becomes  worn  away  and  a  new  lining  is  required,  I  have  before  mentioned  that 
the  tuyeres  are  situated  close  to  the  bottom  of  the  vessel  ;  the  fluid  metal  will 
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therefore  rise  some  eigliteeu  inches  or  two  feet  above  them.  It  is  therefore 
necessary,  in  order  to  prevent  the  niotal  from  entering  the  tuyere  holes,  to  turn 
on  the  blast  before  allowing  the  fluid  crude  iron  to  run  into  the  vessel  from  the 
blast  furnace.  This  having  been  done,  and  the  fluid  iron  run  in,  a  rapid  boiling 
up  of  the  metal  will  be  heard  going  on  within  the  vessel,  the  metal  being  tossed 
violently  about  and  dashed  from  side  to  side,  shaking  the  vessel  by  the  force  with 
which  it  moves  from  the  throat  of  the  converting  vessel.  Flame  will  then  imme- 
diately issue  accompanied  by  a  few  bright  sparks.  This  state  of  things  will  con- 
tinue for  about  fifteen  or  twenty  minutes,  during  which  time  the  oxygen  in  the 
atmospheric  air  combines  with  the  carbon  contained  in  the  iron,  producing  car- 
bonic acid  gas  and  at  the  same  time  evolving  a  powerful  heat.  Now,  as  this  heat 
is  generated  in  the  interior  of,  and  is  diffused  in  innumerable  fiery  bubbles 
throughout  the  whole  tiuid  mass,  the  metal  absorbs  the  greater  part  of  it,  and  its 
temperature  becomes  immensely  increased,  and  by  the  expiration  of  the  fifteen  or 
twenty  minutes  before  named  that  part  of  the  carbon  which  api)ears  mechanically 
mixed  and  diffused  through  the  crude  iron  has  been  entirely  consumed.  The 
temperature,  however,  is  so  high  that  the  chemically  combined  carbon  now 
begins  to  separate  from  the  metal,  as  is  at  once  indicated  by  an  immense  increa.se 
in  the  volume  of  flame  rushing  out  of  the  throat  of  the  vessel.  The  metal  in  the 
vessel  now  rises  several  inches  above  its  natural  level  and  a  light  frothv  slag 
makes  its  appearance,  and  is  thrown  out  in  large  foam-like  masses.  This  violent 
eruption  of  cinder  generally  lasts  about  five  or  six  minutes,  when  all  further 
appearance  of  it  ceases,  a  steady  and  powerful  flame  replacing  the  shower  of 
sparks  and  cinder  which  always  accompanies  the  boil.  The  rapid  union  of  carbon 
and  oxygen  which  thus  takes  place  adds  still  further  to  the  temperature  of  the 
metal,  while  the  diminished  amount  of  carbon  present  allows  a  part  of  the  oxygen 
to  combine  with  the  iron,  which  undergoes  combustion  and  is  converted  into  an 
oxide.  At  the  excessive  temperature  that  the  metal  has  now  acquired  the  oxide, 
as  soon  as  formed,  undergoes  fusion,  and  forms  a  powerful  solvent  of  those 
earthy  bases  that  are  associated  with  the  iron.  The  violent  ebullition  which  is 
going  on  mixes  most  intimately  the  scoria  and  the  metal,  every  part  of  Avhich  is 
thus  brought  into  contact  with  the  tiui<l  oxide  which  will  thus  wash  and  cleanse 
the  metal  most  thoroughly  from  the  silica  and  other  earthy  bases  which  are  com- 
bined with  the  crude  iron,  while  the  sulphur  and  other  volatile  matters  which 
cling  so  tenaciously  to  iron  at  ordinary  temperature  are  driven  off,  the  sulphur 
combining  with  the  oxygen  and  forming  sulphurous  acid  gas.  The  loss  of  weight 
of  crude  iron  during  its  conversion  into  an  ingot  of  malleable  iron  was  found  on 
a  mean  of  four  experiments  to  be  12i  per  cent.,  to  which  will  have  to  be  added 
the  loss  of  metal  in  finishing  rolls.  This  will  make  the  entire  loss  probably  not 
less  than  18  per  cent,  instead  of  above  28  per  cent.,  which  is  the  loss  on  the  pres- 
ent system.  A  large  portion  of  this  metal  is,  however,  recoverable  by  treating 
with  carbonaceous  gases  the  rich  oxides  thrown  out  of  the  furnace  by  the  boil. 
These  slag.s  are  found  to  contain  innumerable  small  grains  of  metallic  iron  which 
are  mechanically  held  in  suspension  in  the  slags  and  may  be  easily  recovered.  I 
have  before  mentioned  that  after  the  boil  has  taken  place  a  steady  and  powerful 
flame  succeeds,  which  continues  without  any  change  for  about  ten  minutes,  when 
it  rapidly  falls  off.  As  soon  as  this  diminution  of  flame  is  apparent  the  workman 
will  know  that  the  process  is  completed,  and  that  the  crude  iron  has  been  con- 
verted into  pure  malleable  iron,  which  he  will  form  into  ingots  of  any  suitable 
size  and  .shape  liy  .simply  opening  the  tap-hole  of  the  converting  vessel  and  allow- 
ing the  fluid  malleable  iron  to  flow  into  ingot  moulds  placed  there  to  receive  it. 
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The  masses  of  iron  thus  formed  will  ho  perfectly  free  from  any  admixture  of 
cinder,  oxide,  or  other  extraneous  matters,  and  will  he  far  more  pure,  in  a  more 
forward  state  of  manufacture  than  a  pile  formed  of  ordinary  ])nddie  hars.  And 
thus  it  will  be  seen  that  by  a  single  process  requiring  no  manipulation  or  particu- 
lar skill  and  with  only  one  workman,  from  three  to  five  tons  of  crude  iron  pass 
into  the  condition  of  several  piles  of  malleable  iron  in  from  thirty  to  thirty-five 
minutes,  with  the  expenditure  of  about  one-third  part  the  blast  now  used  in  a 
finery  furnace  with  an  equal  charge  of  iron,  and  with  the  consumption  of  no 
other  fuel  than  is  contained  in  the  crude  iron.  To  those  who  are  best  acquainted 
with  the  nature  of  fluid  iron  it  may  be  a  matter  of  surprise  that  a  blast  of  cold 
air  forced  into  melted  crude  iron  is  capable  of  raising  its  temperature  to  such  a 
degree  as  to  retain  it  in  a  perfect  state  of  fluidity  after  it  has  lost  all  its  carbon 
and  is  in  the  condition  of  malleable  iron,  which  in  the  highest  heat  of  our  forges 
only  becomes  softened  into  a  pasty  mass.  But  such  is  the  excessive  temperature 
that  I  am  enabled  to  arrive  at  with  a  properly  shaped  converting  vessel  and  a 
judicious  distribution  of  the  blast,  that  I  am  enabled  not  only  to  retain  the 
fluidity  of  the  metal,  but  to  create  so  much  surplus  heat  as  to  remelt  the  crop 
ends,  ingot  runners,  and  other  scrap  that  is  made  throughout  the  process,  and 
thus  bring  them  without  labor  or  fuel  into  ingots  of  a  quality  equal  to  the  rest  of 
the  charge  of  new  metal.  For  this  purpose  a  small  arched  chamber  is  formed 
immediately  over  the  throat  of  the  converting  vessel,  somewhat  like  the  tunnel 
head  of  the  blast  furnace.  This  chamber  has  two  or  more  openings  on  the  side 
of  it,  and  its  floor  is  made  to  slope  downwards  to  the  throat.  As  soon  as  a  charge 
of  fluid  malleable  iron  has  been  drawn  off  from  the  converting  vessel  the  work- 
man will  take  the  scrap  intended  to  be  worked  into  the  next  charge  and  proceed 
to  introduce  the  several  pieces  into  the  small  chamber,  piling  them  up  around 
the  opening  of  the  throat.  When  this  is  done  he  will  run  in  his  charge  of  crude 
metal  and  again  commence  the  process.  By  the  time  the  boil  commences  the  bar 
ends  and  other  scrap  will  have  acquired  a  white  heat,  and  by  the  time  it  is  over 
most  of  them  will  have  been  melted  and  run  down  into  the  charge.  Any  pieces, 
however,  that  remain  may  then  be  pushed  in  by  the  workman,  and  by  the  time 
the  process  is  completed  they  will  all  be  melted  and  ultimately  combined  with 
the  rest  of  the  charge,  so  that  all  the  scrap  iron,  whether  cast  or  malleable,  may 
thus  be  used  up  without  any  loss  or  expense.  As  an  example  of  the  power  that 
iron  has  of  generating  beat  in  this  process  I  may  mention  a  circumstance  that 
occurred  to  me  during  my  experiments. 

"  I  was  trying  how  small  a  set  of  tuyeres  could  be  u.sed  ;  but  the  size  chosen 
proved  to  be  too  small,  and  after  blowing  into  the  metal  for  one  hour  and  three 
quarters,  I  could  not  get  up  heat  enough  with  them  to  bring  on  the  boil.  The 
experiment  was,  therefore,  discontinued,  during  which  time  two-thirds  of  the 
metal  solidified,  and  the  rest  was  run  off.  A  larger  set  of  tuyere-pipes  were  then 
put  in,  and  a  fresh  charge  of  fluid  iron  run  into  the  vessel,  which  had  the  effect 
of  entirely  remelting  the  former  charge,  and  when  the  whole  was  tapped  out  it 
exhibited,  as  usual,  that  intense  and  dazzling  brightness  peculiar  to  the  electric 
light. 

"To  persons  conversant  with  the  manufacture  of  iron  it  will  be  at  once  apparent 
that  the  ingots  of  malleable  metal  which  I  have  described  will  have  no  hard  or 
steely  parts,  such  as  is  found  in  puddled  iron,  requiring  a  great  amount  of  rolling  to 
blend  them  with  the  general  mass,  nor  will  such  ingots  require  an  excess  of  roll- 
ing to  expel  cinder  from  the  interior  of  the  mass,  since  none  can  exist  in  the  ingot, 
which  is  pure  and  perfectly  homogeneous  throughout,  and  hence  requires  only  as 
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much  rollinf^  as  is  necessary  for  the  development  of  fibre  ;  it  therefore  follows 
that  instead  of  forming  a  merchant  bar  or  rail  by  the  union  of  a  number  of  sepa- 
rate pieces  welded  together,  it  will  be  far  more  simple  and  less  expensive  to  make 
several  bars  or  rails  from  a  single  ingot ;  doubtless  this  would  have  been  done 
long  ago  had  not  the  whole  process  been  limited  by  the  size  of  the  ball  which  the 
puddler  could  make. 

"  The  facility  which  the  new  process  affords  of  making  large  masses  will  enable 
the  manufacturer  to  produce  bars  that  on  the  old  mode  of  working  it  was  impos' 
sible  to  obtain  ;  while,  at  the  same  time,  it  admits  of  the  use  of  some  powerful 
machinery  whereby  a  great  deal  of  labor  will  be  saved,  and  the  process  be  greatly 
expedited.  I  merely  mention  this  fact  in  passing,  as  it  is  not  my  intention  at  the 
present  moment  to  enter  upon  any  details  of  the  improvements  I  have  made  in 
this  department  of  the  manufacture,  because  the  patents  which  I  have  obtained 
for  them  are  not  yet  specified.  Before,  however,  dismissing  this  branch  of  the 
subject,  I  wish  to  call  the  attention  of  the  meeting  to  some  of  the  peculiarities 
which  distinguish  cast  steel  from  all  other  forms  of  iron,  namely,  the  perfect 
homogeneous  character  of  the  metal,  the  entire  absence  of  sand-cracks  or  Haws, 
and  its  greater  cohesive  force  and  elasticity  as  compared  with  the  blister  steel 
from  which  it  is  made,  qualities  which  it  derives  solely  from  its  fusion  and 
formation  into  ingots,  all  of  which  properties  malleable  iron  acquires  in  like 
manner  bj'  its  fusion  and  formation  into  ingots  in  the  new  process.  Nor  must  it 
be  forgotten  that  no  amount  of  rolling  will  give  to  bli-ster  steel  (although  formed 
of  rolled  bars)  the  same  homogeneous  character  that  cast  steel  acquires  by  a  mere 
extension  of  the  ingot  to  some  ten  or  twelve  times  its  original  length. 

"  One  of  the  most  important  facts  connected  with  the  new  system  of  manufac- 
turing malleable  iron,  is  that  all  iron  so  prodhced  will  be  of  that  quality  known  as 
charcoal  iron,  not  that  any  charcoal  is  used  in  its  manufacture,  but  because  the 
whole  of  the  processes  following  the  smelting  of  it  are  conducted  entirely  with- 
out contact  with  or  the  use  of  any  mineral  fuel  ;  the  iron  resulting  therefrom  will, 
in  consequence,  be  perfectly  free  from  those  injurious  properties  which  that  de- 
scription of  fuel  never  fails  to  impart  to  iron  that  is  brought  under  its  influence. 
At  the  same  time,  this  system  of  manufacturing  malleable  iron  offers  extraordi- 
nary facility  for  making  large  shafts,  cranks,  and  other  heavy  masses  ;  it  will  be 
obvious  that  any  weight  of  metal  that  can  be  found  in  ordinary  cast  iron  by  the 
means  at  present  at  our  disposal  may  also  be  found  in  molten  malleable  iron,  and 
be  wrought  into  the  foi-ms  and  shapes  required,  provided  that  we  increase  the 
size  and  power  of  the  machinery  to  the  extent  necessary  to  deal  with  such  large 
masses  of  metal.  A  few  minutes'  reflection  will  show  the  great  anomaly  pre- 
sented by  tiie  scale  on  which  the  consecutive  processes  of  iron  making  are  at 
present  carried  on.  The  little  furnaces  originally  used  for  smelting  have  assumed 
colossal  proportions,  and  are  made  to  operate  on  200  or  300  tons  of  material  at  a 
time,  giving  out  10  tons  of  fluid  metal  at  a  single  run.  The  manufacturer  has 
thus  gone  on  increasing  the  size  of  his  smelting  furnaces  and  adapting  to  their 
use  the  blast  apparatus  of  the  requisite  proportions,  and  has  by  this  means  les- 
sened the  cost  of  production  in  every  way  ;  his  large  furnaces  require  a  great 
deal  less  labor  to  produce  a  given  weight  of  iron  than  would  have  been  required 
to  produce  it  with  a  dozen  furnaces,  and  in  like  manner  his  cost  of  fuel,  blast, 
and  repairs,  while  he  ensures  a  uniformity  in  the  result  that  never  could  have 
been  arrived  at  by  the  use  of  a  multiplicity  of  small  furnaces.  While  the  manu- 
facturer has  showni  himself  fully  alive  to  these  advantages,  he  has  still  been  un- 
der the  necessity  of  leaving  the  succeeding  operations  to  be  carried  out  on  a  scale 
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wliolly  nt  variance  with  the  principles  he  has  found  so  advantageous  in  the  smelt- 
ing department.  It  is  true  that  hitherto  no  better  method  was  known  than  the 
])uddling  process,  in  which  from  400  weight  to  .100  weight  of  iron  is  all  that  can  be 
oi)erated  upon  at  a  time,  and  even  this  small  quantity  is  divided  into  homeopathic 
doses  of  some  70  pounds  or  80  pounds,  each  of  which  is  moulded  and  fashioned  hy 
human  labor,  carefully  watched  and  tended  in  the  furnaces,  and  removed  there- 
from one  at  a  time  to  be  carefully  manipulated  and  squeezed  into  form.  When  we 
consider  the  vast  extent  of  the  manufacture,  and  the  gigantic  scale  on  which  the 
early  stages  of  the  process  is  conducted,  it  is  astonishing  that  no  effort  should  have 
been  made  to  raise  the  after  processes  somewhat  nearer  to  a  level  commensurate 
with  the  preceding  ones,  and  thus  rescue  the  trade  from  the  trammels  which  have 
so  long  surrounded  it. 

*'  Before  concluding  these  remarks,  I  beg  to  call  attention  to  an  important  fact 
connected  with  the  new  process,  which  affords  peculiar  facilities  for  the  manufac- 
ture of  cast  steel.  At  that  stage  of  the  process  immediately  following  the  boil, 
the  whole  of  the  crude  iron  has  passed  into  the  condition  of  cast  steel  of  ordinary 
quality  ;  by  the  continuation  of  the  process  the  steel  so  produced  gradually  loses 
its  small  remaining  portion  of  carbon,  and  passes  successively  from  hard  to  soft 
steel,  and  from  soft  steel  to  steely  iron,  and  eventually  to  very  soft  iron  ;  hence 
at  a  certain  period  of  the  process  any  quality  of  metal  may  be  obtained  ;  there  is 
one  in  particular,  which  by  way  of  distinction  I  call  semi-steel,  being  in  hardness 
about  midway  between  ordinary  cast  steel  and  soft  malleable  iron.  This  metal 
possesses  the  advantage  of  much  greater  tensile  strength  than  soft  iron  ;  it  is  also 
more  elastic,  and  does  not  readily  take  a  permanent  set,  while  it  is  much  harder, 
and  is  not  worn  or  indented  so  easily  as  soft  iron  ;  at  the  same  time  it  is  not  so 
brittle  or  hard  to  work  as  ordinary  cast  steel.  These  qualities  render  it  eminently 
well  adapted  to  purposes  where  lightness  and  strength  are  specially  required,  or 
where  there  is  much  wear,  as  in  the  case  of  railway  bars,  which,  from  their  soft- 
ness and  lamellar  texture,  soon  become  destroyed.  The  cost  of  semi-steel  will  be 
a  fraction  less  than  iron,  because  the  loss  of  metal  that  takes  place  by  oxidation 
in  the  converting  vessel  is  about  2|  per  cent,  less  than  it  is  with  iron  ;  but,  as  it 
is  a  little  more  diflBcult  to  roll,  its  cost  per  ton  may  fairly  be  considered  to  be  the 
same  as  iron.  But  as  its  tensile  strength  is  some  30  or  40  per  cent,  greater 
than  bar  iron,  it  follows  that  for  most  purposes  a  much  less  weight  of  metal  mav 
be  used,  so  that  taken  in  that  way  the  semi-steel  will  form  a  much  cheaper  metal 
than  any  with  which  we  are  at  present  acquainted. 

'•  In  conclusion,  allow  me  to  observe  that  the  facts  which  I  have  had  the  honor 
to  bring  before  the  meeting  have  not  been  enlisted  from  mere  laboratory  experi- 
ments, but  have  been  the  result  cf  working  on  a  scale  nearly  twice  as  great  as  is 
pursued  in  our  largest  iron  works,  the  experimental  apparatus  doing  7  cwt.  in  30 
minutes,  while  the  ordinary  puddling  furnace  makes  only  4A  cwt.  in  two  hours, 
which  is  made  into  six  .separate  balls,  while  the  ingots,  or  blooms,  are  smooth, 
even  prisms  10  inches  square  by  30  inches  in  length,  weighing  about  equal  to  ten 
ordinary  puddle  balls." 

XVI. 

■  In  spite  of  the  brief  notice,  the  somewhat  sensational  title  of 
this  paper  had  attracted  much  attention,  and  not  a  few  persons 
whose  names  then  stood  deservedly  high  as  manufacturers  of 


HENRY   BESSEMER. — 1813-1898.  921 

iron  -were  present  chiefly  to  ridicule  the  author  of  such  an 
absiird  proposition.  Contrary,  however,  to  all  expectations,  the 
paper  was  enthusiastically  received,  and  one  ironmaster,  who  in 
the  first  instance  had  shown  much  incredulity,  offered  to  place 
his  w^orks  at  Mr.  Bessemer's  disposal  for  any  experiments  he 
desired  to  make.  Mr.  James  Nasmyth,  who  was  present,  Avith 
appreciative  enthusiasm,  held  up  at  arm's  length  one  of  Mr. 
Bessemer's  samples,  exclaiming :  "  Here  is  a  true  British 
nugget !  "  This  bar  of  iron  was  rolled,  piled,  and  re-rolled  at 
Woolwich  Arsenal,  and  fully  proved  the  soundness  of  the  prin- 
ciple on  which  the  invention  was  based. 

The  historic  paper  in  a  few  days  became  a  theme  for  the 
vhole  newspaper  press  of  the  country.  Many  ironmasters 
rushed  up  to  London  in  hot  haste  to  see  Mr.  Bessemer,  fearing 
that  the  new  process  might  be  monopolized ;  one  large  firm 
(only  three  days  after  the  reading  of  the  paper  i  made  a  formal 
offer  of  <£50,000  for  the  English  patent,  which  was,  however  de- 
clined. The  impression  produced  on  the  minds  of  practical 
ironmasters  by  the  announcement  of  the  invention,  may  be 
imagined,  when  we  state  that  within  one  month  from  the 
appearance  of  Mr.  Bessemer's  paper  in  the  Times,  no  less  than 
X27,000  had  been  received  for  licenses  to  use  the  invention  in 
Great  Britain  alone.  All  this  excitement  and  premature  action 
had  naturally  very  unfortunate  results.  At  the  time  Bessemer 
had  only  a  very  limited  knowledge  of  the  capacity  of  his  inven- 
tion, which  was  of  course  in  an  experimental  stage  ;  and  still 
less  did  the  enterprising  ironmasters  know  Avliat  ores  Avere  suit- 
able for  treatment.  Trials  of  the  process  were  hastily  made  at 
several  works  throughout  the  country,  all  ending  in  failure  for 
want  of  care  and  knowledge.  Mr.  Bessemer  and  his  process 
were  condemned  as  loudly  and  unreasonably  as  he  had  been 
praised,  and  once  more  the  press  was  busy,  but  this  time  in 
showing  that  the  invention  for  which  such  great  results  had 
been  claimed,  was  nothing  more  than  the  dream  of  a  wild  en- 
thusiast ;  one  journal  described  the  process  as  "  a  brilliant 
meteor  that  had  flitted  across  the  metallurgical  horizon,  dazzling 
all  beholders  for  a  moment,  only  to  die  out  and  leave  no  trace 
behind." 

Scientists  invented  theories  to  show  how  it  never  could  have 
succeeded,  and  practical  iron  and  steel  makers  joined  in  con- 
demning the  folly,  as  they  deemed  it,  of  those  few  of  their  num- 
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ber  who  had  been  weak  enough  to  believe  in  its  practicability. 
Experience,  they  said,  had  clearly  shown  that  the  most  power- 
ful furnaces  then  known,  with  the  most  lavish  expenditure  of 
fuel,  applied  for  any  amount  of  time,  were  insufficient  to  fuse 
pure  malleable  iron  on  a  commercial  scale  ;  yet  Mr.  Bessemer 
proposed  to  arrive  at  this  unattainable  temperature  in  masses 
of  five  tons,  in  the  short  space  of  twenty  minutes  wholly  with- 
out the  use  of  fuel,  except  such  as  was  supplied  by  the  impuri- 
ties of  the  crude  iron  itself.  How,  it  was  asked,  could  any 
practical  man  have  been  so  foolish  as  for  one  moment  to  have 
entertained  such  a  j^roposal  ? 

So  unanimous  was  the  condemnation  and  abuse,  at  this 
period,  that  the  Council  of  the  British  Association,  as  I  have 
already  said,  came  to  the  conclusion  that  so  great  a  fallacy 
ought  not  to  be  encouraged  by  its  publication  in  their  Transac- 
tions, and  notwithstanding  the  loud  acclamations  with  which 
the  paper  had  been  received  when  it  was  read,  and  in  spite  of 
the  proofs  afforded  of  its  correctness  in  principle  by  the  exhibi- 
tion at  the  meeting  of  rolled  bars  made  by  the  process,  that 
body  supported  the  universal  condemnation,  by  omitting  all 
mention  of  the  paper  in  their  published  Transactions. 

I  would  have  liked  to  add  here  the  names  of  those  leaders  of 
science,  who  thus  distinguished  themselves.  They  ought  to  be 
placed  on  record. 

With  this  universal  condemnation  of  the  process,  what  did 
Mr.  Bessemer  do  ?  He  had  more  than  recouped  himself  for  his 
first  outlay  and  loss  of  time  by  the  receipt  oi  X2  7,000  which  had 
been  voluntarily  offered  him  for  licenses  by  persons  who  had 
sought  him  out,  and  were  willing  to  back  their  own  opinion  of 
its  merits,  and  who  would,  under  the  terms  arranged,  reap  an 
immense  return  in  case  the  process  turned  out  successful  when 
tried  on  a  commercial  scale.  He  might,  therefore,  have  retired 
from  the  field,  accepting  the  verdict  passed  on  his  invention ; 
but  he  knew  that  the  various  reasons  assigned  for  its  failure  by 
practical  ironmakers  w^ere  w^holly  fallacious,  and  that  the  de- 
fects which  had  presented  themselves  did  not  touch  the  prin- 
ciple on  W'hich  the  invention  was  based.  Instead,  therefore,  of 
wasting  time  in  arguing  the  question  with  a  multitude  of  antag- 
onists, as  a  weaker  man  would  have  done,  he  addressed  himself 
to  overcome  the  difiiculties  of  detail.  The  task  was  a  great  one, 
and  month  after  month  rolled  on ;    furnaces,   machinery,  and 
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apparatus  were  constructed  at  the  Baxter  House  works,  to  be 
pulled  down  and  rebuilt  or  altered  ;  thousands  of  pounds  were 
spent  in  experiments,  and  some  two  years  passed  away  in  this 
incessant  preliminary  work.  But  Mr.  Bessemer  never  lost 
heart,  or  yielded  to  the  solicitation  of  his  friends,  who  again 
and  again  urged  him  to  give  up ;  this  he  would  not  do,  as  he 
knew  he  was  getting  nearer  to  the  end  of  his  labors ;  the  rapid 
wear  of  vessels  from  excessive  heat  had  been  remedied ;  the 
necessity  of  tapping  the  vessel  had  been  evaded  by  mounting  it 
on  trunnions ;  the  distribution  of  the  metal  into  a  number  of 
moulds,  while  still  fluid,  had  been  perfected  ;  during  the  third 
year— 1858 — success  was  achieved,  and  steel  of  excellent  quality 
was  made  at  Baxter  House  from  molten  pig  iron  in  fifteen  min- 
utes, without  the  employment  of  skilled  labor,  without  manipu- 
lation of  any  kind,  and  without  the  employment  of  fuel.  At  last 
the  correctness  of  the  views  enunciated  in  the  paper  read  at 
Cheltenham  was  clearly  demonstrated,  and  all  the  theories  set 
up  both  by  scientists  and  practical  men  to  show  the  impossi- 
bility of  the  j)rocess  were  utterly  demolished. 

But  after  this  was  done,  a  new  and  powerful  opposition  was 
set  up  in  the  steel  trade.  Those  who  had  disbelieved  were  con- 
vinced and  alarmed ;  a  combination  was  formed  to  generally 
disparage  and  talk  down  the  process,  and  so  effectually,  that 
every  effort  to  induce  steelmakers  of  Sheffield  to  give  it  a  trial 
was  unsuccessful.  Circumstances,  however,  were  now  wholly 
changed,  and  Mr.  Bessemer,  with  assured  success  laboriously 
achieved,  was  in  no  mood  to  yield  to  this  nature  of  obstruction. 
He  determined,  therefore,  in  1858,  to  erect  steel  works  in  Shef- 
field itself,  in  the  heart  of  the  enemy's  country,  and  thus  openly 
oppose  and  undersell  the  steelmaker  in  his  own  market.  By 
this  bold  stroke  of  policy  he  finally  succeeded  in  introducing 
the  process  that  has  effected  an  entire  revolution  in  some  of  the 
greatest  branches  of  the  iron  trade  of  the  world. 

XVII. 

During  the  whole  of  this  trying  period,  in  the  face  of  ridicule 
and  of  opposition,  with  discouragement  intensified  by  the  recol- 
lection of  the  brief  triumph  obtained  at  Cheltenham,  and  in  the 
presence  of  constant  financial  straits,  Bessemer  never  despaired. 
He  knew  that  he  was  right  and  that  the  time  would  come  when 
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those  loudest  in  their  abuse  woukl  be  put  to  shame.  Carrying 
the  war  into  the  enemies'  camp  at  Sheffield  was  a  stroke  of 
genius.  He  could  not  start  large  works ;  his  means  would  not 
permit  that.  In  fact,  the  total  capital  available  was  less  than 
.£12,000.  Messrs.  Bessemer  &  Longsdon  subscribed  about 
.£6,000;  Messrs.  W.  *t  G.  Galloway,  £5,000,  and  Mr,  W.  D. 
Allen,  <£500.  These  were  narrow  means  with  which  to  enter  on 
so  great  a  struggle,  but  as  we  shall  see,  they  sufficed. 

I  have  explained  how  the  boyish  intimacy  between  Bessemer 
and  the  Aliens  had  strengthened  as  time  went  on ;  how  it  had 
been  cemented  by  marriage,  and  how  one  of  the  Allen  brothers 
— Ptichard  — controlled  the  bronze  powder  secret  business.  A 
younger  brother,  "William  D.  Allen,  had  left  school  when  he  was 
fourteen,  and  Bessemer  eleven  years  older.  Shrewd  and  ener- 
getic, W.  D.  Allen  became  fas  I  have  saidj  young  Bessemer's 
confidential  assistant  in  the  many  interests  he  was  then  j^ush- 
ing  in  his  embossing  trade  ;  the  type-founding ;  the  sugar 
machinery  ;  to  some  small  extent  in  the  bronze  powder  business  ; 
and  in  his  earliest  experiments  at  Baxter  House.  From  that 
time  to  the  end  of  his  life,  two  years  ago,  W.  D.  Allen  was  iden- 
tified with  the  Bessemer  process.  Throughout  the  period  of 
struggle,  and  later  through  all  the  long  time  of  success  and 
prosperity,  he  and  Bessemer  stood  side  by  side.  I  shall  have 
more  to  say  about  Mr.  Allen  when  I  come  to  speak  of  the  part 
taken  by  Alexander  Holley  in  the  development  of  the  Bessemer 
process. 

xvni 

The  eighteen  months  that  followed  the  reading  of  the  famous 
paper  at  Cheltenham  were  probably  the  hardest  months  of 
Bessemer's  long  life. 

The  paper  which  he  read  before  the  Institution  of  Civil 
Engineers  on  the  24th  of  May,  1859,  shows  us  clearly  how  far 
he  had  progressed  since  his  first  experiments  in  the  fixed  verti- 
cal converter.  It  is  entitled  the  "Manufacture  of  Malleable 
Iron  and  Steel,"  and  I  take  from  it  the  following  extracts  : 

"It  need  not,  therefore,  be  a  matter  of  surprise  that  when  it  was  first  proposed 
by  the  author  to  convert  crude  pig  iron  into  malleable  iron  while  in  a  fluid  state, 
and  to  retain  the  fluidity  of  the  metal  for  a  sufficient  time  to  admit  of  its  being 
cast  into  moulds  without  the  employment  of  any  fuel  in  the  process,  that  this 
proposition  was  almost  generally  looked  upon  as  a  chimera,  or  as  the  mere  day- 
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dream  of  an  enthusiast,  which  the  quiet  everyday  practical  man  felt  hound  to 
disbelieve,  althougli  the  laws  on  which  the  whole  theory  of  the  invention  was 
based  were  well  known,  hence  the  process  was  recognized  from  the  very  first  by 
many  of  the  scientific  men  of  the  day.  The  theory  which  was  advanced  in  the 
original  paper,  read  at  the  British  Association  at  Cheltenham  in  August,  1856,  and 
the  experiments  subsequently  shown  in  London,  sufficed  to  demonstrate  three 
most  important  and  incontrovertible  facts  :  first,  that  crude  pig  iron  could  be 
wholly  decarburized  while  still  retaining  the  fluid  state  ;  secondly,  that  by  the 
injection  of  atmospheric  air  into  the  fluid  metal  the  combustion  thereby  produced 
would,  in  the  absence  of  fuel,  raise  the  temperature  of  the  metal  to  a  degree  never 
before  attained  in  metallurgical  operations  ;  and  thirdly,  that  the  iron  so  decar- 
burized without  the  employment  of  fuel  would  retain  its  fluidity  long  enough  to 
enable  it  to  be  cast  into  ingots  capable  of  extension  under  the  hammer  or  the 
rolls.  Nothing  that  has  since  been  discovered  has  altered,  or  even  n)odified  these 
facts.  The  same  apparatus  as  that  shown  in  London  nearly  three  years  ago  will, 
with  the  proper  quality  of  pig  iron  and  the  practical  knowledge  since  acquired, 
produce  both  malleable  iron  and  steel  equal  to  any  of  the  samples  now  exhibited. 
It  is  singular  to  observe  how  ])rone  the  practical  man  is  to  deny  to  the  inventor 
of  a  new  process  that  very  practical  knowledge  which  he  himself  so  much  values. 
If  the  inventor  cannot  show  in  the  first  week  of  his  apprenticeship  the  skill 
which  is  well  known  can  only  be  acquired  by  years  of  practice,  it  suffices  to  con- 
demn the  new  system  which,  in  its  mere  infancy,  is  expected  to  be  as  perfect  in 
all  its  details  as  that  which  the  manufacturers  have  grown  gray  in  the  daily 
practice  of.  The  same  deep  conviction  of  the  truth  on  which  the  new  process  is 
based,  and  which  led  the  author  to  bring  it  before  the  British  Association,  has 
since  determined  him  (in  spite  of  tlie  opinions  loudly  expressed  against  the 
process)  to  pursue  one  undeviating  course  until  the  present  time,  and  to  remain 
silent  for  years  under  the  scepticism  of  those  who  predicted  its  failure,  rather  than 
again  to  bring  forward  the  invention  until  he  had  himself  practically  and  com- 
mercially worked  the  process,  and  produced  by  it  both  iron  and  steel  of  a  quality 
which  could  not  be  surpassed  by  any  specimens  of  those  metals  made  by  the 
tedious  and  expensive  processes  now  in  general  use.  The  want  of  success  which 
attended  some  of  the  early  experiments  was  accounted  for  by  practical  iron- 
makers  in  various  ways.  The  majority  contended  that  the  metal  was  burned,  or 
destroyed  by  tlie  excessive  temperature  it  acquired  in  the  process  ;  others  declared 
that  the  metal  was  too  dry,  and  that  it  could  never  become  tough  or  fibrous, 
•except  by  a  x>lentiful  admixture  of  cinder  ;  while  a  third  section  traced  every  fault 
to  the  crystalline  condition  of  cast  metal,  which  they  said  could  never  become 
tough  or  capable  of  bending  safely  after  having  once  been  in  a  fluid  state. 
Either  of  these  supposed  cau.ses  of  failure  would,  if  well  founded,  have  sufficed 
to  utterly  destroy  the  whole  value  of  the  process.  Objections  of  so  grave  a  char- 
acter, vehemently  urged  by  practical  ironmakers,  were  sufficient  to  damp  the 
energy  of  the  inventor,  who  saw  that  his  only  liope  of  success  lay  in  the  proof 
that  the.se  practical  men  were  wholly  in  the  wrong.  j\Iature  reflection  convinced 
him  that  the  objections  so  advanced  were  groundless,  and  that  the  reasons 
assigned  had  nothing  whatever  to  do  with  the  failure  in  those  cases  where 
failure  had  ensued.  The  practical  man  had  learned  from  long  experience  that 
when  masses  of  tough  fibrous  iron  were  kept  for  a  long  period  of  time  at  a  high 
temperature  the  metal  would  gradually  assume  a  crystalline  texture  and  becojue 
what  is  termed  burnt  iron.  Applying  this  isolated  fact,  therefore,  to  the  new 
process,  he  arrived  at  once  at  the  conclusion  that  the  high  temperature  of  the 
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iron  during  the  Bessemer  process  produced  tlie  same  result,  without  taking  into 
consideration  the  fact  that  the  metal  in  the  Bessemer  process  was  a  fluid,  and  ia 
that  condition  it  was  wholly  unaffected  by  any  law  of  crystallization,  and  that  the 
pouring  of  such  metal  into  a  cold  cast-iron  mould  and  its  consequent  solidifica- 
tion in  one  or  two  minutes  afforded  no  time  for  the  formation  of  large  and  well 
defined  crystals,  which  can  only  result  from  a  slow  aggregation  of  atoms,  as  in 
large  forgings,  where  the  time  allowed  for  the  development  of  the  crystal  varies, 
say  from  one  hundred  to  five  hundred  hours,  whereby  the  planes  of  cleavage  of 
the  mass  are  so  perfectly  marked  as  to  form  lines  of  separation  and  consequently 
of  weakness  in  the  metal. 

"As  to  the  second  objection — the  impossibility  of  producing  a  tough,  strong,  or 
fibrous  iron,  without  an  admixture  of  cinder — this  is  a  similar  error.  It  will  be 
readily  understood  that  puddled  iron  may  easily  become  too  dry,  that  is,  the 
separate  granules  may  become  coated  with  a  dry  hard  .scale,  such  as  is  produced 
by  heating  an  iron  bar  to  redness.  Pieces  of  iron,  so  oxidized,  would  not  adhere 
together.  But  if  a  little  sand  be  thrown  on  to  a  surface  so  oxidized,  a  fluid  sili- 
cate of  iron  or  "cinder"  will  be  formed.  If  pressure  be  then  applied  to  two  or 
more  surfaces  of  highly  heated  iron,  with  this  fluid,  the  latter  -will  be  displaced, 
and  the  metallic  surfaces,  coming  into  actual  contact,  a  union  will  be  effected. 
It  will  be  obvious,  however,  that  these  facts  in  no  way  apply  to  metal  formed 
into  a  mass  while  fluid,  there  being  no  oxidized  surface  to  prevent  the  uniform 
and  perfect  cohesion  of  every  particle  of  the  whole  mass. 

"The third  objection  that  iron,  once  rendered  fluid,  could  never  become  tough 
and  capable  of  bending,  is  wholly  disproved  by  the  samples  produced,  which 
sufficiently  show  the  enormous  amount  of  strain  which  iron  rendered  crystalline 
bj-  fusion  only,  is  capable  of  sustaining  before  rupture.  It  must  be  borne  in 
mind,  that  the  fracture  of  rolled  metal  does  not  necessarily  show  this  so-called 
fibrous  condition,  for  if  a  perfect  and  equal  amount  of  cohesion  exists  among  all 
the  particles  of  the  mass,  the  fracture  will  follow  the  line  of  force,  and  the  bar 
will  break  in  nearly  a  straight  line  through  the  smallest  part.  The  long-jagged 
irregular  fracture,  which  takes  p'ace  on  breaking  puddled  iron,  is  only  an  addi- 
tional proof  of  its  weakness  and  want  of  uniformity  of  texture,  produced  chiefly 
by  the  diffusion  of  cinder  throughout  the  mass,  giving  to  it  a  flaky  or  laminated 
texture,  lessening  its  cohesion. 

"  Chemical  investigation  soon  pointed  out  the  real  source  of  difficulty.  It  was 
found  that,  although  the  metal  could  be  wholly  decarburized  and  the  silicon  be 
removed,  the  quantity  of  sulphur  and  phosphorus  was  but  little  affected.  As 
different  samples  were  carefully  analyzed,  it  was  ascertained  that  the  red  short- 
ness was  always  produced  by  sulphur,  when  present  to  the  extent  of  one-tenth, 
per  cent.,  and  that  cold  shortness  resulted  from  the  presence  of  a  like  quantity 
of  phosphorus.  It  therefore  became  necessary  to  remove  these  substances. 
Steam  and  pure  hydrogen  gas  were  tried,  with  more  or  less  success,  in  the  re- 
moval of  sulphur,  and  various  fluxes,  composed  chiefly  of  silicates  of  the  oxides 
of  iron  and  manganese,  were  brought  in  contact  with  the  fluid  metal,  during  the 
process,  and  the  quantity  of  phosphorus  was  thereby  reduced.  Many  months 
were  thus  consumed  in  laborious  and  expensive  experiments,  a  few  steps  in  ad- 
vance were  gained  and  many  valuable  facts  were  elicited.  New  patents  and  new 
apparatus  followed  in  due  course,  when  it  was  happily  suggested  that  if  it  were 
possible  to  obtain  some  comparatively  pure  pig  iron  free,  or  nearly  so,  from  sulphur 
or  phosphorus,  a  proof  would  at  once  be  given  of  the  correctness  of  the  views 
entertained  with  reference  to  these  substances.     Such  a  specimen  of  iron  having 
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been  procured,  it  was  found  that  the  steel  of  a  fair  average  quality  could  be 
readily  made  from  it.  Indian  and  Nova  Scotia  iron  were  next  tried,  and  no  doubt 
was  then  entertained  of  the  value  and  ultimate  success  of  the  process.  The  re- 
sults thus  obtained  caused  a  total  chanpfe  in  the  direction  in  which  the  efforts  of 
Messrs.  Bessemer  and  Longsdon  were  directed,  It  was  determined  by  them  at 
once  to  import  some  of  the  best  pig  iron  from  Sweden,  from  which  iron  and  steel 
of  excellent  quality  were  made,  and  the  produce  was  us^d  for  almost  every  pur- 
pose for  which  the  highest  qualities  of  steel  are  employed.  It  was  then  decided 
to  discontinue  for  a  time  all  further  experiments,  and  to  erect  steel  works  at 
Sheffield,  for  the  express  purpose  of  fully  developing  and  working  the  new 
process  commercially,  and  thus  correcting  and  setting  at  rest  the  erroneous  im- 
pressions that  were  generally  entertained  with  reference  to  the  invention. 

"  At  a  time  when  the  manufacture  of  ordnance  occupied  so  large  a  share  of 
public  attention,  it  may  be  interesting  briefly  to  point  out  the  great  facility 
which  the  Bessemer  process  affords,  of  forming  masses  both  of  malleable  iron 
and  steel,  of  a  size  suitable  for  the  heaviest  ordnance,  without  any  welding  to- 
gether of  separate  slabs,  or  the  more  costly  mode  of  building  up  the  gun  with 
pieces,  accurately  turned  and  fitted  together.  Many  attempts  have  been  made  to 
produce  wrought  iron  ordnance,  and  this  object  has  been  successfully  accom- 
plished, in  the  case  of  the  large  gun  produced  at  the  Mersey  forge.  But  how- 
ever perfect  this  one  gun  may  be,  the  time  required  to  make  it,  and  its  immense 
cost,  manifestly  leave  it  still  a  desideratum  to  produce  guns  rapidly  and  cheaply, 
of  a  material  equal  to,  or  greater  in  tensile  strength,  than  wrought  iron,  and,  if 
possible,  free  from  the  liability  to  flaws  which  that  material  has,  and  to  deteriora- 
tion during  its  long  exposure  to  a  welding  heat.  It  is  believed  that  the  Bessemer 
process  supplied  this  desideratum,  for  masses  of  cast  metal  can  be  produced  of 
10  or  20  tons  in  weight  in  a  eingle  piece,  and  two  or  three  such  pieces  may  be 
conveniently  made,  by  the  same  apparatus  in  one  day.  The  metal,  so  made, 
may  be  either  soft  malleable  iron,  or  soft  steel.  Ordnance  may  also  be  cast,  of 
malleable  iron,  with  a  steel  lining  or  core,  or  the  steel  lining  may  be  afterwards 
fitted  to  it,  so  as,  in  either  case,  to  obtain  in  the  compound  mass,  the  hardness 
and  power  of  one  material  to  resist  abrasion,  and  the  tenacity  inherent  in  the 
other  material.  In  order  to  show  the  extreme  toughness  of  such  iron,  and  to 
what  a  strain  it  may  be  subjected,  without  bursting,  several  cast  and  hammered 
cylinders  were  placed  cold  under  the  steam-hamjner,  and  were  crushed  down, 
without  the  least  appearance  of  tearing  of  the  metal.  Now  these  cylinders  were 
drawu  down  from  a  round  cast-iron  ingot,  only  2  inches  larger  in  diameter  than 
the  finished  cylinder,  and  in  the  precise  manner  in  which  a  gun  would  be  treated. 
They  may,  therefore,  be  considered  as  short  sections  of  an  ordinary  9-pounder 
field-gun. 

"  Iron  so  made  requires  very  little  forging,  indeed  the  mere  closing  of  the 
pores  of  the  metal  seems  all  that  is  necessary.  The  tensile  strength  of  the 
samples,  as  tested  at  the  Royal  Arsenal,  was  64,506  pounds  per  square  inch,  while 
the  tensile  strength  of  pieces  cut  from  the  Mersey  gun  gave  a  mean  of  50,624 
pounds  longitudinally  and  53,339  pounds  across  the  grain,  thus  showing  a  mean 
of  17,550  pounds  per  square  inch  in  favor  of  the  Bessemer  iron." 

This  paper  was  not  very  well  received  at  the  Institution  of 
Civil  Engineers,  and  was  attacked  by  several  eminent  opponents, 
who  doubted  the  results  claimed,  and  saw  little  or  no  prospects 
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of  success  for  the  process.  These  liostile  critics  failed  utterly 
to  grasp  the  great  facts  of  which  Bessemer  himself  did  not 
realize  the  full  value,  for  they  knew  but  little  of  the  character 
of  the  man  who  had  erased  the  word  "  impossil)le  "  from  his 
dictionary.  Colonel  Eardly  Wilmot,  E.A.,  was  a  marked  excep- 
tion to  most  of  those  who  took  part  in  the  discussions,  either 
condemning,  or  "  damning  with  faint  praise." 


XIX. 

Although  the  Sheffield  works  of  Bessemer  &  Co.  were  started 
in  1858,  the  samples  shown  to  illustrate  the  Institution  paper, 
read  in  May,  1859,  were  not  of  the  material  the  world  knows 
now  as  "Bessemer  steel"  This  is  proved  by  a  brief  entry  by 
Mr.  W.  D.  Allen  in  an  old  diary  for  1859,  under  the  date  of 
Saturday,  June  18.:  "First  made  Steel  Direct."  The  company 
had  made  steel  before,  and  had  placed  it  on  the  market,  but  as 
shown  by  this  entry  it  could  not  have  been  made  "  direct." 

Curiously  enough,  it  was  during  this  same  month  of  June, 
1859,  that  Bessemer  tool  steel  became  a  recognized  article  of 
■manufacture,  as  is  shown  by  the  following  extract  from  the 
Jlirdng  Journal  of  June  4,  1859  ;  it  will  be  noticed  that  there  is 
an  obvious  error  in  the  prices  given  : 

"In  this  day's  Journal  we  quote,  for  the  first  time,  amongst  the  metallic  manu- 
factures of  this  country,  the  steel  produced  by  the  process  patented  by  Mr.  Bes- 
semer, and  we  are  informed  that  the  new  material  can  be  supplied  in  almost  any 
quantities.  The  usual  price  of  engineers'  tool  steel  is  from  £2  15s.  to  £3  5s.  per 
cwt.,  while  Mr.  Bessemer  offers  an  article,  which  prominent  judges  pronounce 
equal  to  the  best,  at  £2  4s.,  his  other  kinds  of  steel  being  proportionately  lower. 
As  to  the  quality  of  the  article  there  can  be  little  doubt,  since  the  tests  to  which 
it  has  been  submitted  at  Woolwich  gave  much  satisfaction  to  the  officials,  and 
we  understand  a  contract  for  a  considerable  period  has  been  concluded  with  Mr. 
-Bessemer.  With  a  steel  of  equal  quality  a  little  more  than  two-thirds  the  usual 
price,  it  would  appear  almost  impossible  for  success  to  be  wanting  to  the  seller, 
while  the  pecuniary  advantage  to  the  consumer  will  be  at  once  verified,  so  that 
it  is  needless  to  commend  Bessemer's  steel  to  the  consideration  of  our  readers." 

The  tool  steel  referred  to,  and,  indeed,  all  the  steel  made  in 
the  Sheffield  works  prior  to  the  18th  June,  1859,  was  produced 
in  a  turning  converter  in  small  charges.  The  melted  iron  having 
been  thoroughly  decarbonized  by  the  blowing  in  of  air,  the  con- 
tents of  the  converter  were  discharged  into  a  tank  of  water, 
which  had  the  effect  of  finely  granulating  the  metal,  which  was 
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afterwards  melted  in  crucibles  with  the  necessary  quantity  of 
manganese. 

In  a  letter  written  by  Sir  Henry  Bessemer  a  few  years  since, 
there  is  the  following  reference  to  the  early  days  of  the  Sheffield 
steel  works,  and  some  light  is  thrown  on  the  business  motives 
which — friendship  apart— induced  the  Galloways  to  enter  on  the 
venture  with  him  and  Mr.  Longsdon  : 

'•  Anxious  to  possess  still  further  practical  proof  of  the  value  of  my  invention. 
I  made  a  few  hundredweight  of  steel  bars  at  my  experimental  worlcs  in  t<t. 
Pancras  of  all  the  series  and  special  qualities  required  in  an  engineer's  workshop. 
These  bars  I  took  to  the  works  of  my  friends,  the  Messrs.  Galloways,  engineers 
of  Manchester,  and,  unknown  to  any  of  their  people,  these  bars  were  given  out 
and  employed  for  all  the  purposes  for  which  steel  had  hitherto  been  used  in  their 
extensive  business.  So  identical  in  all  its  essential  qualities  was  this  steel  with 
that  usually  employed  by  the  workmen  that,  during  two  months'  trial  of  it,  not 
the  slightest  idea  or  suspicion  that  they  were  using  steel  made  by  a  new  process 
was  ever  entertained  by  them  ;  in  fact,  they  were  accustomed  to  use  steel  of  the 
best  quality,  costing  £60  a  ton,  and  they  had  no  doubt  whatever  but  that  they 
were  still  doing  so. 

"  I  may  here  remark  that  this  tool  steel  was  made  from  Swedish  charcoal  pig- 
iron,  costing,  delivered  in  Sheffield.  £7  per  ton,  and  it  was  with  this  high  quality 
of  raw  material  that  our  firm  continued  for  about  two  years  to  manufacture  tool 
steel  for  engineers,  for  which  we  obtained  £44  per  ton,  and  with  which  such  firms 
as  those  of  Sir  William  Fairbairn,  Sir  Joseph  Whitworth,  and  Messrs.  Sharp, 
Stewart  &  Co.  were  regularly  supplied  up  to  the  time  when  larger  and  more 
profitable  work  had  made  it  not  worth  our  while  to  continue  the  manufacture  of 
tool  steel.  Indeed,  so  satisfied  were  Messrs.  William  and  John  Galloway  with 
this  crucial  test  of  our  tool  steel  at  these  works  that  they  entered  into  partner- 
ship as  steel  manufacturers  with  myself,  my  partner,  Mr.  Kobert  Longsdon,  and 
my  brother-in-law,  ^Mr.  Allen. 

"We  built  steel  works  in  the  town  of  Sheffield,  determined  to  beard  the  lion  in 
his  den,  and  to  undersell  the  trade,  until  we  forced  them  in  self-defence  to  take 
a  license  under  mv  patents  and  carry  on  my  process.  We  at  once  got  to  work 
and  dropped  £10  per  ton  on  rails.  This  soon  brought  the  trade  to- a  proper  frame 
of  mind.  Sir  John  Brown  &  Co.  applied  for  a  license  ;  this  was  soon  followed 
by  Messrs.  Charles  Cammell  &  Co.,  and  licenses  were  also  granted  to  many  other 
firms.  Of  course  we  thus  created  a  strong  rivalry  to  our  own  firm,  and  forced 
our  prices  down  ;  this  we  were  fully  prepared  for,  as  it  still  left  a  very  large 
margin  of  profit. 

"  Some  idea  may  be  formed  of  its  importance  as  a  manufacture  when  I  state 
the  simple  fact  that  on  the  expiration  of  the  fourteen  years'  term  of  partnership 
of  our  Sheffield  firm,  the  works,  which  had  been  greatly  increased  from  time  to 
time  entirely  out  of  revenue,  were  sold  by  private  contract  for  exactly  twenty- 
four  times  the  amount  of  the  whole  subscribed  capital  of  the  firm,  notwithstand- 
ing that  we  had  divided  in  profits  during  the  partnership  a  sum  equal  to  fifty- 
seven  times  the  capital  ;  so  that  Ijy  the  mere  commercial  working  of  the  process, 
apart  from  the  patents,  each  of  the  partners  retired,  after  fourteen  years,  from 
the  Sheffield  works  with  eighty-one  times  the  amount  of  his  subscribed  capital, 
or  an  average  of  nearly  cent  per  cent  every  two  months." 
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The  Bessemer  works  in  Sheffield  soou  began  to  repay  the 
enterprising  founders  of  the  business,  as  will  be  seen  from  the 
statement  given  below,  and  which  is  taken  from  the  books  of 
the  company. 

The  first  two  years  must  have  been  full  of  anxiety  and  dis- 
couragement, for  though  the  works  were  started  to  teach  the 
process,  it  was  also  a  matter  of  great  importance  that  they  should 
pay. 

The  following  are  the  losses  and  gains  made  during  ten  years,, 
commencing  with  1858  : 

Year.                                                                                  £  *•  ^• 

1858 Loss.                       729  13  3 

1859 "                      1,093  6  Z 

I860 Profit.         923  3  1 

1861 "         1,475  10  3 

1863 "         3,685  18  4 

1863 "  10,968  6  8 

1864 "  11,837  0  4 

1865 "         3,949  5  11 

1866 "'  18,076  18  4 

1867 "  28,632  1  8 

In  1868  the  buildings,  machinery,  etc.,  were  valued  at  over 
X34,000. 

From  1860  until  the  present  time,  the  career  of  the  Bessemer 
works  at  Sheffield  has  been  one  of  uninterrupted  success,  but 
they  only  remained  the  private  property  of  Messrs.  Bessemer, 
Lougsdon,  Galloway,  and  Allen  for  a  period  of  fourteen  years 
after  the  partnership  entered  into  between  these  gentlemen  in 
1863.  In  1877  the  works  were  transferred  to  a  public  company, 
and  remained  under  the  management  of  Mr.  W.  D.  Allen  till  his 
death  in  1896.  Since  that  time  the  direction  has  been  carried 
on  by  two  of  Mr.  Allen's  sons.  Concurrently  with  the  period  of 
prosperity  that  set  in  for  the  Sheffield  works,  that  is  in  1860,  the 
iron-makers  of  Great  Britain,  realizing  the  advantages  to  be 
gained,  took  licenses  under  the  Bessemer  patents,  and  although 
the  years  1860  to  1864  were  full  of  anxiety  and  hard  work,  the 
battle  had  been  won,  and  the  strength  of  prejudice  and  hostility 
had  been  broken. 

From  an  interesting  document  in  my  possession  I  have  taken 
some  facts  relative  to  the  financial  position  of  the  Bessemer 
process  in  1862.  Although,  as  we  have  seen,  the  prospects  were 
excellent,  the  time  had  not  then  come  for  the  payment  to  Mr. 
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Bessemer  of  great  sums  in  royalties,  and  the  expenses  that  had 
been  incurred  had  been  enormous.  His  faith  in  the  future  was 
absolutely  undiminished,  and,  indeed,  it  was  sustained  by  in- 
creasing business,  but  money  was  necessary  to  carry  on  the  last 
phase  of  the  struggle. 

We  have  seen  how  Bessemer  and  Eobert  Longsdon,  the  friend 
of  his  youth,  had  come  together,  were  partners,  in  fact,  carrying 
on  business  as  engineers,  in  Queen  Street  Place,  New  Cannon 
Street.  It  was  deemed  desirable  by  them — it  was,  indeed,  prob- 
ably a  necessity — that  they  should  dispose  of  a  part  of  their 
patent  rights,  which  were  quite  independent  of  the  Sheffield 
business,  to  an  influential  group  who  had  offered  themselves  as 
purchasers.  It  was  a  small  syndicate  of  fifteen  members,  promi- 
nent among  whom  were  John  Piatt,  of  Oldham,  and  the  Gallo- 
ways, of  Manchester.  For  the  sum  of  c£25,C00  in  cash,  and 
X25,000  in  deferred  payments,  this  syndicate  acquired  one-fourth 
share  in  the  Bessemer  process  patents,  the  agreement  holding 
in  force  from  the  1st  of  July,  1862,  to  the  1st  of  July,  1884. 
This  sale  was  effected  only  on  the  condition  that  Bessemer 
should  be  in  no  way  controlled  by  the  syndicate,  but  that  he 
should  have  an  absolutely  free  hand  as  to  the  regulation  of 
licenses  and  the  general  method  of  conducting  business.  It 
was,  moreover,  decided  that  the  firm  of  "  Henry  Bessemer  and 
Company,"  of  Sheffield,  should  be  free  to  all  royalty  charges. 
This  transaction  brought  the  sum  of  £50,000  to  the  firm  of  Bes- 
semer &  Longsdon,  and  enabled  them  to  pass  through  the  last 
struggle.  It  was  certainly  paying  a  high  price  for  the  benefit, 
for  the  sums  the  syndicate  received  before  the  termination  of 
the  agreement  must  have  been  enormous. 


XX. 

The  degree  of  development  achieved  in  the  Bessemer  process 
up  to  1863-64  is  well  indicated  by  A.  L.  Holley  in  his  volume 
on  Ordnance  and  Armour,  from  which  I  take  the  following  ex- 
tracts : 

"  Tlie  Bessemer  process  of  making  steel  direct  from  tlie  ore  or  from  pig  iron, 
promises  to  ameliorate  the  whole  subject  on  ordnance  and  engineering  construction 
in  general,  both  as  to  quality  and  cost.  The  product  has  not  yet  been  used  for 
guns  to  any  great  extent,  althoucrh  "Mr.  Krupp.  the  leading  steel  maker,  has 
introduced  it.  Captain  Blakley  and  Mr.  Whilworth  have  also  experimented  with 
60 
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it,  and  expressed  their  faith  in  its  ultimate  adoption.  Messrs.  John  Brown  &  Co., 
Sheffield,  have  made  100  gun  forgings,  some  of  them  weighing  alone  13  tons, 
from  solid  ingots  of  this  steel.  During  the  present  year  (18G4)  the  productions  of 
Bessemer  steel  will  exceed  400  tons  per  week.  With  the  two  new  converting  ves- 
sels in  operation,  solid  ingots  of  20  tons  weight  can  be  fabricated.  .  .  .  The 
pig  iron  is  run  into  a  converting  vessel,  where  it  receives  a  blast  of  air  for  15  or 
20  minutes,  to  burn  out  the  carbon  and  silicium.  It  is  then  cast  into  an  ingot 
which  is  heated  and  forged  into  a  gun.  One  remarkable  piece  was  made  for  the 
Belgian  Government,  quite  early  in  Mr.  Bessemer's  practice.  Its  dimensions 
were  :  Length  of  bore,  7  feet ;  diameter  of  bore,  4.7  inches  ;  maximum  diameter, 
9.5  inches  ;  thickness  upwards,  2.37  inches  ;  weight,  1,070  pounds — a  very  light 
gun.  The  test  was  three  rounds  with  two  spherical  shot ;  three  rounds  with 
three  spherical  shot  ;  three  rounds  with  four  shot  ;  three  rounds  with  five  shot  ; 
three  rounds  with  six  shot  ;  three  rounds  with  seven  shot,  and  two  rounds  with 
eight  shot  (the  powder  being  2.2  pounds  in  each  case),  when  the  gun  broke  in  the 
bore  39  inches  from  the  muzzle,  from  the  wedging  of  the  shot.  There  was  no 
alteration  in  the  chamber.  .  .  .  Among  the  Bessemer  forgings  in  the  Greek 
Exhibition  of  1863  was  a  25-pounder  steel  gun  in  the  rough,  with  the  trunnions 
formed  on  it.  This  gun  was  the  ninety-second  made  by  Messrs.  Henry  Besse- 
mer &  Co. ;  also  a  24-pounder  steel  gun,  bored  and  finished  by  Messrs.  Fawcett, 
Preston  &  Co.,  of  Liverpool,  for  whom  a  dozen  of  the  same  size  were  being  made. 
The  present  English  prices  for  Bessemer  gun  steel  are  :  for  a  1  ton  forging,  9  cents 
per  pound;  for  the  same  with  trunnions  forged  on,  11  cents;  for  a  3  to  5-ton 
ingot,  forged  into  a  cylinder,  11  to  13  cents." 

It  is  very  interesting  to  note  that  at  tliis  date,  1862-64,  when 
high  authorities  such  as  Anderson,  Armstrong,  and  others — the 
smaller  following,  of  course,  obediently  the  greater  lights — con- 
demned steel  for  gun  construction,  and  Bessemer  steel  for  all 
purposes,  on  the  ground  that  it  was  unreliable,  and  gaye  way 
under  sudden  strain,  which  wrought  iron  would  resist ;  it  is 
very  interesting  to  note  the  certainty  and  accuracy  with  which 
Holley  wrote.  Referring  to  Bessemer's  interesting  collection 
of  steel  specimens  shown  at  the  London  Exhibition  of  1862,  he 
says  :  "  The  extreme  durability  of  the  Bessemer  low  steel  was 
shown  by  various  specimens.  The  London  Engineer  says  of  one 
of  those,  that  it  was  twisted  cold  into  a  spiral  like  a  ribbon, 
and  does  not  show  a  single  flaw  after  this  severe  treatment." 
All  idea  of  the  brittleness  of  steel  vanishes  with  an  inspection 
of  the  example.     The  same  authority  says  : 

"  There  are  also  some  close  bends  of  rails,  one  of  which  is  deserving  special 
notice.  Mr.  Ramsbottora,  the  able  engineer  of  the  railway  works  at  Crewe,  had 
this  piece  taken  up  while  covered  with  sharp  frost,  and  placed  under  the  large 
steam  hammer,  where  it  .stood  the  blow  necessary  to  double  both  ends  together 
without  showing  the  smallest  indications  of  fracture.  .  .  .  There  are  also 
some  extraordinary  examples  of  the  toughness  of  the  Bessemer  steel,  made  from 
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British  coke  pig-iron,  among  which  may  be  enumerated  two  deep  vessels  of  one 
foot  in  diameter,  with  flattened  bottoms  and  vertical  sides.  At  the  top  edge  one 
of  these  is  |  inch,  and  tlie  otlier  |  inch  in  tliickness.  A  4-inch  square  bar  Las 
been  eo  twisted,  wliile  hot.  that  its  angles  have  approached  within  h'.ss  than  half 
an  inch  of  each  other,  so  that  what  was  originally  one  foot  length  of  surface,  has 
now  become  26  feet,  while  the  central  portion  of  the  bar  still  jireserves  its  origi- 
nal length  of  one  foot  !  .  .  .  By  the  present  process,  although  the  number  of 
operations  is  reduced,  by  casting  steel  in  large  masses,  its  cost  as  compared  with 
that  of  wrought  iron  is  somewhat  increased.  Still  it  compares  favorably,  con- 
sidering its  greater  strength.  The  present  causes  of  the  costliness  of  steel  are 
principally  these  :  Melting  the  metal  is  expensive.  Such  a  high  temperature  is 
required,  that  the  pots  for  very  low  steel  stand  only  one  or  two  meltings.  The 
subsequent  heating  of  immense  ingots  (one  of  Krupp's,  in  the  great  Exhibition, 
was  44  inches  in  diameter,  and  8  feet  long)  requires  time  and  skill;  drawing  them 
under  ordinary  hammers,  not  to  speak  of  its  injurious  effects,  is  a  very  long  opera- 
tion. The  careful  preparation  and  selection  of  the  materials  add  considerably  to 
the  cost.  Again,  the  business  is  now  monopolized  by  a  few  manufacturers. 
Standard  qualities  of  low  steel  bring  a  price  much  more  disproportionate  than 
that  of  wrought  iron,  compared  to  the  cost  of  production.  Some  of  the  processes 
are  secret,  others  are  covered  by  patents;  but  the  chief  difficulty  is,  that  very  few 
establishments  out  of  the  whole  number  have  undertaken  the  manufacture. 
Many  of  the  large  British  establishments  have  introduced  the  Bessemer  process. 
In  this  country  (the  United  States)  several  ironmasters  pronounce  this  process  a 
failure,  and  propose  to  stick  to  puddling  and  piling.  At  the  same  time  others 
are  doing  all  they  can  to  develop  this  and  similar  improvements,  but  are  indif- 
ferently encouraged.  There  is  no  doubt,  however,  that  within  a  few  years  low 
steel  will  be  produced  at  a  cheap  rate  all  over  the  world.  The  wonderful  suc- 
cess and  spread  of  the  Bessemer  process  in  England,  France,  Prussia,  Belgium, 
Sweden,  and  even  in  India,  all  within  three  or  four  years,  prove  that  great  talent 
and  capital  are  already  concentrated  on  this  subject,  and  promise  the  most  favor- 
able results." 

And  again  : 

"  Among  the  specimens  of  Bessemer  metal  in  the  Exhibition  of  1862,  was  a 
14-inch  octagonal  ingot  broken  at  one  end,  and  turned  at  the  other  end,  to  show 
that  the  metal  was  perfectly  solid.  The  turned  end  looked  like  forged  steel. 
An  18-inch  ingot,  weighing  o,136  pounds,  was  the  six  thousand  four  hundred 
and  tenth  'direct  steel'  ingot  made  at  the  works  of  Messrs.  Henry  Bessemer 
&  Co. 

"■  There  were  also  exhibited,  a  double-headed  rail,  40  feet  long  ;  a  24-pounder 
and  a  32-pounder  cannon  ;  a  250-horse-power  crank-shaft,  and  several  tires  with- 
out welds.  The  specimens  showing  the  wonderful  ductility  of  the  metal  have 
been  referred  to.  The  Bessemer  process  has  been  adopted  during  the  last  two  or 
three  years,  since  its  early  embarrassments  were  overcome,  with  such  great  suc- 
cess, and  by  so  many  leading  manufacturers  in  England,  France,  Sweden,  Bel- 
gium, and  other  European  States,  that  its  general  substitution  for  all  processes 
for  making  either  fine  wrought  iron  or  cheap  low  steel  is  now  considered  certain."' 

I  think  the  foregoing  extracts  are  of  great  interest,  because 
they  give  us  a  sufficiently  vivid  picture  of  the  condition  of  the 
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Bessemer  process,  emerging  from  the  period  of  difficulties  and 
general  opposition,  and  because  they  afford  a  remarkable  illus- 
tration of  Holley's  keen  insight  and  prescience,  though  even  he 
would  never  have  dreamed  what  the  next  twenty  years  was  to 
see  in  the  way  of  Bessemer  steel-making,  and  towards  which  he 
was  to  be  so  largely  instrumental. 

At  the  time  Holley  wrote,  Bessemer  had  indeed  overcome  his 
difficulties.  His  process  was  practically  perfected,  thanks  to 
the  works  at  Sheffield,  and  the  many  workers  under  his  patents, 
in  England  and  through  Europe.  The  crass  stupidity  which 
deleted  his  British  Association  paper  of  1856  from  the  Transac- 
tions of  that  body ;  the  petty  objections  raised  against  his 
process,  in  1859,  during  the  discussion  of  his  paper  at  the  In- 
stitution of  Civil  Engineers ;  the  violent  hostility  which  his 
subsequent  success  created — all  these  things  he  could  afford 
now  to  forget,  although  he  was  only  on  the  threshold  of  the 
stupendous  industrial  development,  the  magnitude  of  which  he 
could  not  have  had  the  faintest  conception  of  when  he  superin- 
tended the  rolling  of  the  40-foot  steel  rail  for  the  Exhibition  of 
1862. 

XXI. 

Twenty  years  after  Mr.  Bessemer  had  read  his  paper  before 
the  Institution  of  Civil  Engineers,  in  addressing  a  meeting  of 
the  Iron  and  Steel  Institute,  he  recalled  some  of  the  most  inter- 
esting particulars  of  those  early  days.  On  that  occasion,  he 
exhibited  some  of  the  samples  which  he  had  shown  to  illustrate 
his  paper  in  1859.  Among  them  was  the  small  gun  which  had 
attracted  great  attention  at  Woolwich  when  Colonel  Eardly 
Wilmot  was  superintendent  of  gun  factories,  and  took  a  deep 
interest  in  the  new  invention,  having  so  far  satisfied  himself 
that  he  supported  Bessemer  strongly  against  such  opj)osition 
in  1859.  He  told  the  story  of  the  first  Bessemer  steel  disk  which 
was  pressed  into  a  cup  by  a  Mr.  Parkes,  the  patentee  of  a 
process  for  pressing  tubes  out  of  copper  disks.  Mr.  Parkes 
believed  that  the  Bessemer  metal  would  stand  the  test.  At 
that  time,  "  about  1862,"  Bessemer  &  Co.  of  Sheffield  were  mak- 
ing soft-steel  locomotive  boiler-tube  plates,  and  from  one  of 
these  plates,  a  disk,  23  inches  diameter  and  three-quarters  of 
an  inch  thick,  was  cut.  It  was  placed  on  a  cast-iron  die,  and 
forced  half  through  its  depth  and  into  an  opening  11  inches  in 
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diameter  ;  then  it  was  annealed,  and  allowed  to  get  cold,  after 
which  it  was  forced  through  the  die.  In  this  way  a  cup  was 
formed  11  inches  in  diameter  and  10  inches  deep,  without  any 
cracks.  Such  a  test  must  have  astonished  every  one,  even  Bes- 
semer himself,  who  until  then  had  no  idea  of  the  iluctility  of 
the  metal.  Mr.  Bessemer's  story  of  the  first  application  of  steel 
rails  would  be  spoiled  unless  given  in  his  own  words  : 

"Perhaps  there  was  no  better  practical  engineer  in  Great  Britain  than  Mr. 
John  Rarasbottom  of  the  Loudon  and  Northwestern  Railway,  and  when  I  pro- 
posed steel  rails  to  him,  Mr.  Ramsbottom,  looking  at  me  with  astonishment  and 
almost  with  anger,  said  :  '  Mr.  Bessemer,  do  you  wish  to  see  me  tried  for  nian- 
slauo-hter  ?  '  That  ol)servatiGn  was  the  natural  result  of  the  then  state  of  knowl- 
edge as  to  what  could  be  done  with  steel.  At  that  time  steel  was  made  almost 
exclusively  for  cutting  purposes,  and  it  was  highly  carbonized,  and  certainly  too 
bard  for  rails.  After  seeing  my  samples,  however,  Mr.  Ramsbottom,  whose 
mind  was  thoroughly  open  to  conviction,  said:  'Well,  let  me  have  ten  tons  of 
this  material  that  I  may  torture  it  to  my  heart's  content.  ..."  A  steel  rail 
was  rolled  by  Mr.  Ramsbottom  from  a  portion  of  the  ten  tons  mentioned,  and  it 
had  been  twisted  cold  by  clamping  one  end  in  the  reversing  brasses  of  a  rolling 
mill,  and  putting  the  other  end  in  connection  with  the  shaft  driven  by  the  engine, 
till  it  was  twisted  into  two  pieces.  I  carefully  measured  that  sample,  and  I 
found  that  in  a  part  measuring  6  feet  along  the  centre  of  the  web,  each  of  the 
flanges  measured  8  feet  1  inch.  This  twisted  rail  was  a  good  example  of  what 
mild  steel  was  in  those  days.-  To  show  that  such  material  which  twisted  so  well 
cold,  would  endure  the  hot  test,  a  4-iuch  square  bar  was  twisted  hot.  It  was 
twisted  till  it  came  in  two  in  the  centre.  The  angles  were  thus  made  to  form  a 
sort  of  screw  with  threads  f  inch  to  i  inch  apart." 

As  for  the  earliest  application  of  steel  to  shipbuilders,  Mr. 
Bessemer's  recollections  are  of  great  interest.  In  1863  Mr.  Daniel 
Adamson  had  enthusiastically  and  successfully  employed  Besse- 
mer steel  for  making  boilers  on  a  large  scale,  and  it  Avas  at  that 
time  that  Mr.  Bessemer  advocated  the  use  of  the  material  for 
ship  plates.  The  first  boat  was  a  stern-wheel  barge,  built  in 
1863,  and  the  following  year  the  Humber  Steam  Packet  Company 
constructed  a  side-wheel  boat  of  377  tons,  of  steel.  The  same 
year  were  finished  two  sailing  ships,  one  of  1,251  and  the  other 
of  1 ,283  tons,  and  then,  twelve  months  after,  six  other  ships  of  a 
collective  tonnage  of  5,332  were  completed.  This  was  the  com- 
mencement of  the  application  of  Bessemer  steel  to  shipbuilding. 

For  locomotive  builders  it  would  appear  that  Bessemer  steel 
was  first  used  on  the  London  and  NorthAvestern  Bailway  in 
1863,  by  Mr.  Ramsbottom  and  Mr.  AVebb,  and  the  first  boiler  of 
this  kind  was  kept  in  service  until  1879. 
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XXII. 

In  Holley's  -vrork  on  Ordnance  and  Armour,  written  in  1863-64, 
frequent  reference  is  made  to  the  actual  condition  and  future 
prospects  of  tlie  Bessemer  process,  and  I  have  already  called 
attention  to  the  wonderful  foresight  shown  by  Holley  in  his  re- 
marks as  to  what  may  he  expected  from  it  in  the  near  future. 
In  the  same  book  Holley  says  that  the  Bessemer  process  in 
America  was  about  to  be  tried  on  a  practical  scale  by  Messrs. 
Winslow,  Griswold,  and  Holley.  Of  course  the  prolonged 
struggle  and  the  gradual  development  of  the  Bessemer  process 
in  England  had  been  carefully  watched  in  the  United  States, 
but  nothing  practical  had  been  done  till  Holley  came  to  Eng- 
land in  1863,  when  he  had  many  interviews  with  Bessemer  as 
well  as  the  fullest  facilities  given  him  at  the  Sheffield  works  ;  he 
had  also  examined  and  tested  the  specimens  to  which  he  so  en- 
thusiastically refers  in  his  book  on  Ordnance  and  Armour. 

Many  engineers  in  America  were,  from  the  commencement, 
fully  alive  to  the  great  importance  of  the  process,  and  shared 
with  English  engineers  the  enthusiasm  that  attended  the  read- 
inc  of  the  British  Association  paper  in  1856.  Probably  they 
also  shared  the  quick-following  reaction  and  disbelief.  Speak- 
ing in  1891,  on  the  occasion  of  the  visit  to  America  of  the  Brit- 
ish Iron  and  Steel  Institute,  Mr.  Abram  S.  Hewitt  said : 

"  Mr.  Bessemer  read  Lis  celebrated  paper  describing  the  process  of  producing 
steel  without  fuel  at  the  Cheltenham  meeting  of  the  British  Association  for  the 
Advancement  of  Science  in  the  summer  of  1850  ;  an  imperfect  report  of  this 
paper  was  puldished  in  the  journals  of  the  day  and  attracted  my  notice.  The 
theory  announced  seemed  to  be  entirely  sound,  and  the  apparatus  simple  and 
effective.  I  gave  orders  at  once,  without  further  information  than  that  derived 
from  the  published  report,  to  erect  an  experimental  vessel  for  the  purpose  of 
testing  the  possibility  of  producing  steel  direct  from  the  blast  furnace.  In  the 
same  year  in  which  this  paper  was  read  the  experiment  was  tried  at  the  furnace  of 
Cooper  &  Hewitt,  at  Phillipsburgh.  in  Xew  Jersey,  and  the  result  served  to  show 
beyond  all  doubt  that  the  invention  of  Mr.  Bessemer  was  one  that  could  be  suc- 
cessfully reduced  to  practice." 

The  first  experimental  application  of  the  Bessemer  process 
was,  therefore,  made  in  America  in  1856,  and  it  is  not  a  little 
remarkable  that,  considering  the  promising  result  obtained, 
nothing  more  should  have  been  done  with  it  for  some  years.  I 
suppose  that  the  energy  and  grand  ability  of  Holley  were  re- 
quired to  separate  the  actual  truth  from  the  mass  of  perverted 
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statements  and  prejudice  that  existed  in  England  and  spread  to 
America.  During  tlie  year  1864  the  United  States  patents  of 
Bessemer  were  sold  to  a  small  American  syndicate,  enlarged 
later,  I  believe,  and  known  as  the  Bessemer  Association,  Holley 
acting  first  as  the  negotiator  and  afterwards  as  the  engineering 
expert.  For  various  reasons,  with  which  my  present  purpose  has 
nothing  to  do,  delays  occurred,  and  those  unfriendly  to  Besse- 
mer in  England  took  advantage  of  these  delays  to  spread  re- 
ports of  failure  and  complications  in  the  United  States.  It  was 
under  these  circumstances  that  Holley  wrote,  in  September, 
1866,  a  letter  in  which  the  following  passages  occur: 

"  In  view  of  the  diverse  statements  of  the  English  journals  regarding  the 
success  of  the  Bessemer  process  in  this  country,  of  the  improvements  actually 
developed  here,  I  trust  that  some  account  of  our  practice  will  be  interesting. 
The  Bessemer  process  was  first  experimentally  ])ractised  in  this  country  with  a 
three-ton  converter,  at  the  iron-works  of  Mr.  E.  B.  Ward  at  Wyandotte,  near 
Detroit,  under  the  superintendence  of  !Mr.  L.  M.  Hart,  who  had  learned  the 
Bessemer  process  at  the  works  of  Messrs.  .Jackson,  in  France. 

"  Before  the  Wyandotte  experiments  were  commenced,  .Messrs.  Winslow, 
Griswold,  and  Holley,  of  Troy,  had  completed  an  arrangement  with  Mr.  Bessemer 
and  his  associates  for  the  purchase  of  the  Bessemer  patents  in  the  United  States, 
and  had  commenced  the  erection  of  a  2-ton  experimental  plant.  This  plant  was 
started  in  February,  1865,  and  has  since  been  in  constant  operation.  The  first 
ingot  made  had  a  tensile  strength  of  65,000  pounds  per  square  inch  in  the  cast 
state,  and  121,000  pounds  when  hammered  to  a  two-inch  bar.  A  two-inch  bar 
was  bent  double  cold.  The  first  ingot  was  a  fair  representative  of  all  the  steel 
that  has  since  been  manufactured  at  Troy.  The  pig-iron  used  was  smelted  with 
charcoal  from  the  hematite  and  from  the  magnetic  ores  of  the  Lake  Champlain, 
the  Hudson  River,  and  the  Salisbury  regions,  and  the  Lake  Superior  iron,  .smelted 
either  with  charcoal  near  the  mines,  or  with  bituminous  ooul  in  the  Mahoning 
Valley  of  Ohio.  Some  of  the  Pennsylvania  and  New  Jersey  anthracite  irons  pro- 
duce steel  equal  in  quality  to  that  made  from  the  English  hematites  of  the  Cum- 
berland regions,  but  not  equal  to  that  made  from  the  American  charcoal  irons 
mentioned.  Some  hundred  tons  of  the  best  steel  have  been  made  from  the  Iron 
Mountain  ores  of  Missouri,  smelted  with  charcoal,  and  from  the  charcoal  hema- 
tite irons  of  central  Alabama.  Sufficient  experience  has  already  been  gained  in 
the  mixing  of  these  various  pigs  to  produce,  uniformly,  all  grades  of  steel.  The 
only  irons  that  have  failed  are  those  reduced  from  surface  ores,  containing  an 
excess  of  phosphorus,  and  those  that  have  been  smelted  with  very  sulphurous 
coal.  As  far  as  tested,  probably  three-<iuarters  of  the  American  pigs  produce 
first-rate  Bessemer  steel. 

•'  Meanwhile  Messrs.  Winslow,  Griswold  and  Holley  had  commenced  the  erec- 
tion of  a  pair  of  5-ton  converters,  and  the  Wyandotte  works  were  producing  a  good 
quality  of  steel  from  the  Lake  Superior  irons.  The  re-carl)onizer  at  both  works 
has  been  the  Franklinite  pig  iron  of  New  Jersey,  which  is  slightly  richer  in  man- 
ganese than  spiegeleisen.  ...  At  the  present  time  the  2-ton  converter  at 
Troy  is  producing  ten  tons  of  ingot  (six   charges)  per  twenty-four  hours;  the 
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5-tou  converter  will  be  in  operation  next  Defeml^er.  The  Wyandotte  works  are 
producing  a  smaller  quantity,  but  a  good  quality  of  steel.  Of  tbe  licensees,  the 
Pennsylvania  Steel  Company,  at  Ilarrisburg,  will  be  in  operation  early  next  year, 
with  two  5-ton  converters,  a  25-incli  tliree-high  rail  mill,  a  tire  mill,  a  plate  mill, 
and  a  forge  suited  to  the  manufacture  of  all  ingots  under  12  tons  weight.  Simi- 
lar works  at  Chester,  Pennsylvania,  at  Cleveland,  in  Ohio,  are  partially  com- 
pleted, and  will  be  running  during  the  next  year.  Several  other  works  in 
Pennsylvania  and  at  the  We.st  will  ]n-oliably  produce  steel  within  18  to  20  months 
of  the  pre.seiit  writinii'  [September,  18G6].'' 

It  is  iuterestiug  to  note  tliat  tlie  plans  for  the  Pennsylvania 
Steel  Company's  works,  above  referred  to,  were  prepared  in 
Sheffield.  The  converters  were  made  by  Messrs.  Galloway  & 
Sous,  of  Manchester  ;  and  the  hammers  by  Thwaites  A:  Carbntt, 
of  Bradford;  this  plant  was  shipped  in  December,  1866,  and 
was  lost,  with  the  ship,  on  the  coast  of  Ireland,  thus  causing 
considerable  delay. 

This  was  the  beginning  of  the  Bessemer  steel  industry  in  the 
United  States,  described  in  the  words  of  its  creator.  I  think  I 
echo  the  opinion  of  those  who  feel  an  interest  in  this  subject, 
when  I  ascribe  all  the  credit  to  Alexander  Lyman  HoUey.  In 
doing  so,  I  in  no  way  forget  his  great  friends  and  contemiDora- 
ries,  and  their  successors,  who  cooperated  with  him  from  the 
commencement  and  afterwards.  But  it  was  to  his  genius,  and 
energy,  and  patience  that  the  Bessemer  process  in  America  was 
a  success  from  the  casting  of  the  first  ingot  at  the  Troy  works. 
It  was  Holley  who,  from  the  beginning  and  during  a  number  of 
years,  adaj)ted  the  English  details  of  the  process  to  suit  Amer- 
ican requirements,  and  who'  initiated  that  system  of  rapid  pro- 
duction, combined  with  a  high  standard  of  excellence,  which 
aroused  at  first  the  incredulity,  and  afterwards  the  admiration 
of  European  manufacturers.  When — some  years  later  than  the 
period  to  which  we  are  now  referring— the  late  S.  G.  Thomas 
visit  :d  one  of  the  Holley  Bessemer  works,  and,  being  fatigued, 
essayed  to  rest  on  an  ingot  mould,  it  was  Holley  who  said  to 
him,  "  You  must  send  over  to  England  for  one  cool  enough  to 
sit  upon." 

Although,  during  the  preliminary  stage  that  preceded  the 
erection  of  the  first  Bessemer  works  in  America,  Holley  was  in 
constant  communication  with  Bessemer,  and  more  especially 
with  W.  D.  Allen  of  the  Sheffield  works,  there  remains  but  few 
written  records  of  that  busy  and  important  time.  In  fact,  I 
Lave  found  nothing  excepting  short  entries  in  old  diaries  of 
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Holley's  frequent  visits  to  Sheffield,  and  one  letter  which  I  re- 
produce, as  it  shows  that  the  Sheffield  works  were  Holley's 
training  school,  and  W.  D.  Allen  was  his  instructor  : 

•'Terminus  IIotkl.  London-  Bridgk,  October  4,  laG4. 
"3[y  dear  Sir  : 

"  I  have  come  over  again,  to  finish  my  education  in  the  Uesseiuer  in-ocess, 
and  shall  have  the  pleasure  of  calling  upon  you  at  Sheffield,  with  that  object  in 
view,  if  agreeable  to  you,  early  next  week. 

■■  I  have  seen  Mr.  Bessemer,  and  am  glad  to  learn  that  the  niauulactiire  and. 
the  inventions  are  prospering  so  satisfactorily. 

"  Yours  truly, 

"  A.   L.   lIoI.LEY. 

'•  Mk.  Allkn,  II.  Bessemer  &  Co.,  Sheffield. 

"  P.S.— Mr.  GJriswold,  son  of  one  of  our  company  in  the  U.  S.  is  with  me, and 
would  like  to  spend  some  time  at  your  works,  with  me." 

In  tracing  the  work  of  Holley  in  the  development  of  the 
Bessemer  process  in  America,  from  the  commencement  to  the 
year  1876,  I  gladly  make  use  of  the  admiral  )le  ]><]]>er  read  by 
Mr.  Eobert  W.  Hunt  before  the  American  Institute  of  Mininc 
Engineers,  in  June,  187G.  This  paper  is  entitled  :  "A  History 
of  the  Bessemer  Manufacture  in  America,"  and  is  full  of  inter- 
esting information.  In  one  paragraph  Mr.  Hunt  defines  exactly 
the  secret  of  Holley's  wonderful  progress  and  success. 

"After  building  the  first  experimental  works  at  Troy,  Mr.  Holley  seems  to 
have  at  once  broken  loose  from  the  restraints  of  his  foreign  experience,  and  to 
have  been  impressed  with  the  capabilities  of  the  new  process.  The  result  is  that 
mainly  through  his  inventions  and  modifications  of  the  plant,  we  in  America 
are  to-day  enabled  to  stand  at  the  head  of  the  world  in  respect  of  amount  of 
product." 

Mr.  Hunt's  statement,  made  twenty-two  years  ago,  can  be  ap- 
plied with  greater  force  to-day.  The  same  authorit}^  summa- 
rizes the  modifications  and  improvements  made  by  Holley  : 

"  He  did  away  with  the  English  deep  pit,  and  laised  the  vessels  so  as  to  get 
working  space  under  them  on  the  ground  floor  ;  he  instituted  top  supported 
hydraulic  cranes  for  the  more  expensive  English  counterweighted  ones;  he  put 
ihree  ingot  cranes  around  the  pit.  instead  of  two,  and  thereby  obtained  greater 
area  of  power.  He  changed  the  location  of  the  vessels,  as  related  to  the  i)it  find 
smelting  house.  He  modified  the  ladle  craue,  and  worked  all  the  cranes  and  the 
vessels  from  a  single  point:  he  substituted  cupolas  for  reverberatory  furnaces,  and 
last,  but  by  no  means  least,  introduced  the  intermediate  or  accumulative  ladle, 
which  is  placed  on  scales,  and  thus  insures  accuracy  of  operation,  by  rendering 
possible  the  weighing  of  each  charge  of  melted  iron,  before  pouring  it  into  the 
converter.     These  points  cover  the  radical   features  of  his  innovations.     After 
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buihiir.g  such  a  jjlant,  lio  began  to  meet  tlio  dilliciilties  in  manufacturo,  among 
tlio  most  serious  of  which  was  the  short  duration  of  tlu;  vessel  bottoms,  and  the 
time  required  to  cool  off  the  vessel  to  a  point  at  wliich  it  was  j)ossible  for  work- 
men to  enter  and  make  new  bottoms..  After  many  exj)eriments  the  result  was 
the  IloUey  ve^^sel  bottom,  which  either  in  its  form  as  patented,  or  in  a  modifica- 
tion of  it,  as  now  used  in  all  American  works,  has  rendered  possible  as  much  as 
any  other  one  thing,  the  present  immense  production.  Then  he  tried  many 
forms  of  cupolas  at  Troy,  adopting  in  the  original  plant  a  changeable  bottom,  or 
section  below  the  tuyeres  ;  then  later  at  Ilarrisburg,  assisting  Mr.  S.  B.  Pearse, 
in  developing  the  furnace  to  a  point  which  rendered  the  many  bottoms  un- 
necessary, chiefly  by  deepening  the  bottom  and  enlarging  the  tuyere  area.  Upon 
his  rebuilding  tlie  Troy  works  after  their  destruction  by  fire,  Mr.  Holley  put  in 
the  perfected  cupolas.  At  this  time  the  practice  was  to  run  a  cupola  for  a  turn's 
melting,  which  had  reached  eight  heats  or  forty  tons  of  steel,  and  then  dropj)ing 
its  bottom.  This  was  already  an  increase  of  100  per  cent,  over  his  boast  about 
the  same  amount  in  twenty-nine  hours.'' 

Of  conrs9  all  these  modifications  were  gradual,  tlie  result  of 
experience  during  the  fourteen  years  ending  in  1876.  But  what 
also  contributed  largely  to  the  wonderful  output  from  American 
Bessemer  works  was  the  enthusiasm  of  Holley,  which  he  had 
the  gift  of  communicating  to  all  these  who  worked  with  him, 
his  wonderful  energy  and  his  power  of  organization.  There 
were  fourteen  very  busy  years  which  ended  with  1876,  the  gross 
result  of  Avhich  was  that  the  production  of  steel  in  the  United 
States  was  550,000  tons  of  ingot,  about  one-tenth  of  what  it  is 
to-day.  Until  that  date,  and,  indeed,  until  the  time  of  his 
lamented  and  premature  death,  no  Bessemer  works  were  built 
in  America  without  Holley's  direct  and  personal  cooperation. 
We  have  seen  how  he  completed  the  Troy  works  in  1864; 
the  Pennsylvania  Steel  Works  followed  in  1867 ;  the  Troy 
w^orks  were  rebuilt  in  1868.  Counting  the  Wyandotte  works,  the 
Pennsylvania  Co.'s  w^as  the  third  in  the  United  States.  The 
Freedom  Iron  and  Steel  Works,  near  Lewistown,  Pa.,  were  the 
fourth — they  ran  their  first  charge  in  May,  1868.  The  Cleveland 
Rolling  Mill  Co.'s  Bessemer  works,  also  in  1868,  were  the 
fifth.  The  Cambria  Iron  Co.,  JohnstoAvn,  Pa.  (1871),  came  sixth ; 
the  Union  Iron  Co.  of  South  Chicago  (1871),  were  seventh ;  the 
North  Chicago  Rolling  Co.,  Chicago,  were  the  eighth  works — 
they  commenced  operation  in  1872.  The  Joliet  Iron  and  Steel 
Co.,  Joliet,  111.,  formed  the  ninth  Bessemer  plant,  erected  in 
1873.  The  same  year  the  tenth  works  was  completed  by  the 
Bethlehem  Iron  Co.  of  Pennsylvania  ;  the  Edgar  Thomson  Steel 
Co.  of  Pittsburgh  erected  the  eleventh  Bessemer  works  in  1875 ; 
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the  twelfth  were  completed  by  the  Lackawanna  Iron  and  Coal 
Oo.  in  May,  1876. 

Since  that  date  the  extensions  have  been  enormous,  and  the 
efficiency  of  plant  has  vastly  increased,  as  will  be  seen  from  the 
following  list,  taken  from  Swank's  Directory  of  Ameriran  Iron  and 
Sted  Worl-s,  1808  : 

List  of  Wohks  in  Unitkd  States  with  Besskmer  Steel  C'onvehters. 

No.  and  Capacity 
of  Converters. 

Fremont  Hail  Works  Co.,  West  Wareliam,  Plymouth  Co.,  Mass...  4  3     ton 

Troy  Steel  Co.,  Troy,  Rensselaer  Co.,  N.  Y 3  1.")      " 

Jones  &  Langhlin's,  Ltd.,  American  Iron  and  Steel  Works,  Pitts- 
burgh, Pa 2  10      " 

Bethlehem  Iron  Co..  Bethlehem,  Northamjiton  Co..  Pa 4  7A     " 

Birdsboro  Rail  Works  (E.  and  G.  Brook  Iron  Co.),  Birdsboro,  Berks 

Co.,  Pa 3 

Cambria  Iron  Co  ,  Johnstown,  Cambria  Co.,  Va 4  IH    " 

Carnegie  Steel  Co..  Ltd.,  Pittsburgh,  Pa.  (Duquesne,  Alleghany  Co.)  2  10      " 

"           "        "     (Edgar  Thom.son  Steel  AVorks) 4  15 

"     (Home.stead  Works,  :\[unhall) 2  10      " 

•Columbia  Iron  and  Steel  Works,  L^niontown,  Fayette  Co.,  Pa 2  .1      " 

Lackawanna  Iron  and  Steel  Co.,  Scranton,  Lackawanr.a  Co.,   Pa. 

(North  Works) 8  7      " 

Lackawanna  Iron  and   Steel  Co.,  Scranton,  Lackawanna  Co.,  Pa. 

(South  Works) 2  9      " 

Lickdale  Iron  Works,  Lickdale,  Lebanon  Co.,  Pa 2  3      " 

National  Tube  Works  Co.,  McKeesport,  Allegheny  Co.,  Pa 2  8      " 

North  Branch  Steel  Works,  Danville,  Montour  Co.,  Pa 2  4      " 

Oliver  and  Snyder  Steel  Co.,  Pittsburgh,  Pa 2  .5      " 

Pennsylvania  Steel  Works  Co.,  Steelton,  Dauphin  Co.,  Pa 3  10      " 

Pottstown  Iron  Works  Co.,  Pottstown,  Montgomery  Co.,  Pa 3  10      " 

Shenango  Valley  Steel  Works  Co.,  Newcastle,  Lawrence  Co.,  Pa.  .  .  2  8      " 
Shoenberger  Steel  Co.  (Juniata  Iron  and  Steel  Works),  Pittsburgh, 

Pa 2  6" 

Spang  Steel  and  Iron  Co..  Pittsburgh,  Pa. 2  3      " 

Wellman  Steel  Works,  Thurlow,  Delaware  Co.,  Pa 2  3      " 

Woodson's  Steel  Co.,  Pittsburgh,  Pa.  (Contemplated) 2  8      " 

3Iaryland  Steel  Co.,  Sparrow's  Point,  Baltimore  Co.,  Maryland.  ...  2  20      " 

Old  Dominion  Nail  Works  Co.,  Richmond,  Henrico  Co.,  Va 2  3      " 

Riverside  Iron  \Norks,  Benwood,  Marshall  Co.,  West  Va 2  6      '" 

Wheeling  Steel  Works  Co.,  Benwood,  Marshall  Co.,  West  Va 2  G 

Ashland  Steel  Co.,  Incorporated,  Ashland,  Boyd  Co.,  Kentucky  ...  2  hit    " 

Etna  Standard  Iron  and  Steel  Co..  ,Mini;()  Junction,  Jefferson  Co.,  O.  2  10      " 

Bellaire  Steel  Co.,  Bellaire,  Belmont  Co..  0 2  10      " 

Cleveland  Rolling  Mill  Co.,  Newburgh,  Cuyahoga  Co.,  0 2  10      " 

Johnson  Co.,  Lorain,  Lorain  Co.,  0 2  12      '* 

King,  Gilbert  and  Warner  Co.,  Columbus,  Franklin  Co.,  0 2  4.^    " 

Ohio  Steel  Co.,  Ltd  ,  Youugstown,  Mahoning  Co.,  O 2  10      " 
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No.  and  Capacity 
of  ConviTterH. 

Otis  Steel  Co.,  Ltd  ,  (levfland,  f'liyahoga  Co.,  0 2  ■  5     ton 

East  Cliicago  Steel  Works,  Hanimoiid,  Lake  Co..  Ind    2  8      " 

Premier  Steel  Co.,  Indianapolis,  Marion  Co.,  Ind 2  4      " 

Union  Steel  Co.,  Alexiindria,  Madi.son  Co  ,  Ind 2  5      " 

Illinois  Steel  Co.,  Rookery  Building,  Chicago,  111.,  Nortli  Works, 

Chicago 2  6      " 

Illinois  Steel  Co.,  South  Works,  So.  Chicago -. 3  10      " 

"      •'      Joliet  Works,  Will  Co 2  9      " 

■'          "      '•      Union  Works,  Chicago 2  10      " 

Springfield  Iron  Co."s  Works,  Springfield,  111 2  5      " 

Detroit  Steel  and  Spring  Works.  Detroit,  Mich 2  2 

West  Superior  Iron  and  Steel  (Wisconsin  Steel  Co.),  West  Superior, 

Douglas  Co.,  Wis 2  4" 

Colorado  Fuel  and  Iron  Co.,  Bessemer,  Pueblo  Co.,  Colo 2  5      " 


XXIII. 

By  the  rear  1866  biisiness  was  quite  flourishing  at  the 
Sheffield  works  of  Henry  Bessemer  <t  Co.,  and  the  amount  of 
royalties  Bessemer  received  was  already  large.  Opposition  had 
been  to  a  great  extent  silenced,  partly  because  many  important 
licensees  were  engaged  in  the  manufacture,  and  partly  because 
facts  were  too  strong  even  for  the  most  unscrupulous  opponents. 
Moreover,  it  is  certain  that  the  powerful  syndicate  which  had 
purchased  one-fourth  share  of  the  patents  strengthened  Besse- 
mer's  position  greatly.  The  time,  however,  had  not  yet  come 
for  the  most  general  application  of  Bessemer  steel — its  applica- 
tion to  railway  tracks  all  over  the  world.  Prices  were  still  high, 
though  not  so  high  as  appeared  likely  a  few  years  before,  when 
the  Institution  of  Mechanical  Engineers  held  their  meeting  in 
Sheffield,  and  Mr.  Bessemer  read  a  paper  on  his  process  before 
it.  Even  at  that  time  (1861)  the  success  of  the  process  could 
not  be  denied,  but,  at  least,  it  was  possible  to  assert  that  the 
price  of  the  steel  produced  was,  and  must  always  remain,  pro- 
hibitive. Mr.  John  Brown,  of  Sheffield,  maintained  at  the 
meeting  that  the  price  could  not  fall  below  £22  per  ton ;  many 
other  persons  whose  opinions  carried  weight  held  the  same 
opinion  when  Holley  wrote  his  book  on  Ordnance  and  Armour, 
from  which  I  have  already  quoted  ;  but,  as  we  have  seen,  Holley 
was  too  clear  sighted  to  believe  any  such  thing.  There  were  far- 
seeing  people  in  England  who  believed  it  was  only  a  question 
of  time  for  Bessemer  steel  to  supersede  iron  on  all  railroad 


HENRY   BESSEMER.  — 1813-1898.  943 

tracks.  In  1862,  Mr.  Ramsbottom,  of  the  London  and  North- 
\>-estern  Eaihvav,  Lad  purchased  an  ingot  from  Sheffiekl,  had 
rolled  i^art  of  it  into  a  rail,  and  laid  it  outside  the  goods  station 
at  Camden  on  the  9th  May,  1862,  the  opposite  rail  of  the  same 
track  being  of  a  standard  iron  section.  Nearly  two  and  a  half 
years  after — in  September,  18G4--it  was  taken  up  and  examined. 
It  was  estimated  that  ten  million  truck  wheels  had  passed  over 
it;  it  had  never  been  turned  (it  was  a  double-headed  rail),  and 
it  had  worn  out  seven  iron  rails,  that  is,  fourteen  surfaces, 
during  that  time.  The  test  at  Crewe,  however,  was  earlier  than 
this.  Crewe  station  was  laid  with  steel  rails,  rolled  from  ingots 
made  at  Sheffield  in  1801.  Three  hundred  trains  ran  daily 
through  the  station,  but  in  1866  these  rails  had  never  been 
turned,  and  they  were  all  in  good  order.  They  had  been  rolled 
in  35-feet  lengths.  Experiences  like  these  rapidly  prepared 
the  way  for  the  great  change  that  was  approaching.  It  could 
be  demonstrated  that,  even  at  the  high  price,  their  long  life 
made  steel  rails  much  cheaper  than  iron  ones.  The  cause  of 
occasional  failure  by  fracture  of  steel  rails  was  so  easily  traced 
to  the  production  of  too  hard  a  metal,  that  it  could  not  be 
urged  in  absolute  condemnation  of  the  sj'Stem.  The  Metro- 
politan Railway  Company  was  among  the  early  purchasers  on  a 
considerable  scale.  They  bought  in  large  quantities  in  1865,  at 
a  price  of  £17  a  ton,  though  the  next  year  the  rate  fell  to  £12  a 
ton.  And  this  fall  in  price  occurred  in  face  of  a  £2  per  ton 
royalty ;  that  is,  the  royalty  was  £2  per  ton  of  ingots  cast,  with 
a  drawback  of  £1  per  ton  of  rails  rolled. 

The  year  1865  was  indeed  a  busy  one  in  England  and  through 
Europe  for  Bessemer  steel  making.  Many  large  establishments 
had  been  already  preparing  for  a  year  or  two,  and  Avere  then 
ready  to  fill  orders.  As  we  have  already  seen,  Holley  was 
occupied  in  America,  having  "completed  his  education"  at 
Sheffield.  In  France  a  comparatively  large  amount  of  Bessemer 
steel  rail  had  been  made  and  laid  down.  Amongst  other  steel 
works  on  the  continent  at  that  date  there  were,  in  Germany, 
the  Essen  Works,  of  Krupp ;  the  Bochum  Company,  with  four 
3-ton  converters ;  the  Hoerde  Company,  near  Dortmund,  with 
two  converters ;  the  Neuberg  Works,  in  Styria,  with  one  con- 
verter ;  the  Gratz  Works,  with  one ;  the  Witkowitz  Works, 
with  one  ;  the  works  at  Diisseldorf  Avith  two.  Among  other  works 
were  divided  twelve  converters.     In  France  and  Belgium   the 


1)44  HENRY   BESSEMER. — 1813-1898. 

process  was  in  operation  at  John  Cockerill,  of  Seraing  ;  at  Petin, 
Gauilet  &  Co.,  Rive  de  Gier,  and  at  James  Jackson  &  Co.,  St. 
Severio,  near  Bordeaux. 

In  England  the  Bessemer  steel  rail  trade  was  growing  rapidly, 
and  the  demand  for  steel  plates  was  also  increasing.  One  firm 
had  rolled,  in  1805,  5,<)()0  tons  of  steel  plates,  to  a  maximum 
weight  of  10  hundredweight,  and  measuring  13  feet  4  inches  by 
seven-sixteenths  thick.  It  was  provided  in  the  specification  to 
which  these  plates  were  made,  that  tliey  must  be  of  such  a 
quality  that  disks  cut  from  them  could  l)e  stamped  up  cold  into 
vessels  10  inches  diameter  and  11  inches  deep  without  showing 
signs  of  fracture. 

I  do  not  know  what  the  production  of  steel  was  in  England  in 
1865,  but  on  the  continent  it  is  stated  to  have  been  as  follows : 
France,  30,000  tons  ;  Prussia,  33,000  tons  ;  Belgium,  4,000  tons ; 
Austria,  21,000  tons  ;  Russia,  5,000  ;  Sweden,  6,000  ;  the  German 
States,  2,000  ;  Italy,  750 ;    and  Spain  500  tons. 

The  industry  acquired  a  great  momentum  in  1866,  and  some  of 
the  good  old  days  of  high  prices  had  gone  never  to  return.  In 
1860,  Krupp,  of  Essen,  was  able  to  command  £120  per  ton  for 
steel  tires  ;  in  1866  Bessemer  &  Co.,  of  Sheffield,  had  forced  this 
price  down  to  £40  and  £45  per  ton.  In  1866,  and  for  several 
years  after,  royalties  poured  in  on  Bessemer,  amounting  to  as 
much  as  £200,090  a  year  ;  this  came  chiefly,  though  of  course 
not  wholly,  from  rails.  His  day  of  triumph  had  come,  his  finan- 
cial success  was  as  great  as  the  confusion  of  his  enemies  was 
complete.  At  this  time,  and  for  some  years  after,  the  United 
States  proved  a  rich  market  to  English  steel  rail  producers. 
Leading  American  railroad  directors  were  so  keenly  alive  to 
the  advantages  of  steel,  that  they  would  not  wait  for  the  com- 
pletion of  the  works  Holley  was  building,  but  decided  to  buy 
meantime  in  England.  In  1866  the  first  order  of  steel  rails 
came  from  America.  It  was  sent  by  the  Erie  Railroad  Co.  to 
Messrs.  John  Brown  &  Co.,  for  1,000  tons  at  £25  a  ton ;  then 
followed  the  Pennsylvania  Railroad  Co.,  with  an  order  to  the 
same  makers,  and  at  the  same  price,  for  500  tons.  The  cost 
of  wages  at  that  time  per  ton  of  rails  was  £2.  In  1866  Messrs.. 
John  Brown  &  Co.  were  the  largest  makers  of  Bessemer  steel; 
they  had  become  licensees  about  1862,  and  four  years  later  they 
were  running  constantly  two  10-ton  converters,  and  two  of  5  tons. 
They  employed  3,000  men,  and  their  plant  was  capable  of  rolling 
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30-tou  ingots  into  single  plates.  They  had  gone  largely  into 
the  steel  tire  business,  and,  as  we  have  seen,  had  brought  the 
price  of  Krupp  steel  tires  to  one-third  of  wliat  it  had  been  six 
years  before.  Eails,  of  course,  formed  the  chief  part  of  their 
output,  but  they  Avere  doing  a  large  trade  in  steel  axles.  In 
1866  the  rival  firm  of  Messrs.  Cammell  &  Co.,  of  Sheffield,  had 
quite  large  Bessemer  works  (for  the  time),  comprising  two  4-ton 
converters,  and  four  of  7  tons ;  they  were  making  oOO  tons 
of  steel  a  week.  During  the  same  year  63  miles  of  steel  rails 
were  laid  on  the  London  and  Northwestern  Railway.  In  1867 
the  works  at  Barrow-in-Furness  were  in  full  operation,  with  six 
7-ton  converters  ;  the  Lancashire  Steel  Co.,  at  (iorton,  had  four 
pairs  of  o-tou  converters,  and  several  other  companies  were 
started.  On  the  continent  the  progress  was  as  rapid,  especially 
in  France,  and  by  1867  the  price  had  dropped  to  .£12  per  ton, 
at  which  price  28,000  tons  were  sent  from  England  to  the  United 
States.  In  Johnstown,  Pennsylvania,  <£12  9s.  was  the  cost 
of  making  iron  rails  per  ton  ;  in  England  such  rails  cost  £6 
per  ton.  Prices  were  falling  in  1867,  though  in  that  same 
year  the  Styriau  Bessemer  works  commanded  £16  per  ton  for 
ingots,  c£28  lOs.  for  bars,  £30  per  ton  for  boiler  plates,  and 
c€32  for  tires. 

The  time  for  the  very  profitable  business  of  exporting  Besse- 
mer rails  to  America  was  to  last  only  a  few  j-ears  longer,  for 
Holley's  work  was  progressing  rapidly,  and  large  orders  could 
be  filled  from  the  seven  steel  works  he  had  in  operation  by  the 
middle  of  1868.  Still  a  large  portion  of  the  5,000  tons  of  rails 
laid  that  year  by  the  Erie  Railroad  Co.,  came  from  England. 

The  golden  harvest  had  been  gathered  by  Bessemer  at  the 
end  of  1868,  for  his  leading  patent  expired  on  the  J  2th  of  Feb- 
ruary, 1869,  and  the  royalty  dropped  to  2s.  6d.  per  ton, which  made 
a  saving  of  about  20  shillings  j)er  ton  on  all  rails  made.  A  great 
impetus  was  in  consequence  given  to  the  production  and  demand. 
In  France  during  that  year  40,000  tons  were  rolled,  of  which 
5,000  tons  went  to  America,  whsre  steel  rails  were  being  laid  at  a 
great  rate,  regardless  of  the  higher  cost,  which,  indeed,  Avas  not 
relatively  high,  on  account  of  the  great  price  of  iron  rails.  In 
1869  there  were  110,000  tons  of  steel  rails  laid  on  LTnited  States 
railways ;  of  this  quantity,  Cammells  exported  27,000  tons  ; 
John  Brown  <t  Co ,  50,000  tons,  and  Barrow  15,000  tons.  But 
the    Troy   works    were    now   able  to  turn  out  at   the   rate   of 
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20,000  tons  a  year.  In  tliis  country,  the  Great  Northern  Eail- 
way  Co.  was  still  conservative  ;  in  January,  18G9,  it  advertised 
for  tenders  for  2(»0  tons  of  steel,  and  for  5,000  tons  of  iron  rails. 

So  far  as  our  present  purpose  is  concerned,  we  need  not  follow 
the  growth  of  the  Bessemer  process  after  the  expiring  of  the  1S55 
patent,  which  terminated  the  period  of  great  royalties.  The 
struggle  of  the  earlier  years  had  been  so  long  prolonged  that  it 
left  but  little  time  for  getting  repaid.  The  success,  when  it  ar- 
rived, was  enormous,  though  it  was  very  brief,  but  Bessemer 
could  afford  to  look  back  on  the  past,  satisfied  with  the  result 
achieved,  and  to  the  future,  certain  that  the  vast  industry  he 
had  created  would  continue  to  grow  indefinitely,  though  to  what 
extent  he  could  not  foresee.  It  may  be  said  that  by  1874,  when 
the  Sheffield  works  were  converted  into  a  public  company,  Bes- 
semer had  retired  from  business,  though  his  interest  in  watch- 
ing the  development  of  the  process,  especially  in  the  United 
States,  never  lessened. 

That  the  Bessemer  patents  were  financially  successful  during 
the  years  1862-70,  and  that  to  a  remarkable  degree,  is  evident 
from  the  fact  that  Sir  Henry  received  in  royalties  during  a  part 
of  that  time  no  less  than  =£200,000  a  year.  But  the  sum  received 
did  not  represent  so  large  a  total  as  may  be  imagined.  It  is 
stated  that  by  1870,  royalties  had  been  paid  to  the  extent  of  a 
million  sterling.  Of  this  .£250,000  were  the  property  of  the  syndi- 
cate that  had  purchased  one-quarter  ownership  of  the  patents  in 
1863  for  the  sum  of  £50,000.  The  remaining  £750,000,  less  many 
reductions,  was  the  joint  property  of  Sir  Henry  Bessemer  and 
his  partner,  Mr.  Longsdon.  As  profits  on  patents  go,  the  result 
was  very  exceptional ;  moreover,  it  was  attained — not  in  the 
modern  method,  by  company  promotion — but  by  continuous  and 
well-directed  work,  and  by  the  sacrifice  of  a  large  income  derived 
from  the  bronze  powder  industry.  As  to  the  results  achieved  to 
the  world  at  large,  they  can  be  estimated  only  by  the  amoiiut  of 
steel  that  has  been  manufactured  since  the  first  charge  of  pi^ 
was  decarburized  in  the  small  experimental  converter  at  Baxter 
House. 

XXIV. 

I  have  sketched  very  rapidly  and  imperfectly  the  development 
from  1859  to  1869,  when  the  chief  Bessemer  patent  expired,  and 
it   would  be  quite  outside  the  purpose  of  this  monograph  to 
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attempt  any  history  of  its  growth  from  then  until  now.  During 
the  twenty  years  that  followed  the  expiring  of  the  1855  patent, 
the  manufacture  of  Bessemer  steel  hud  increased,  until  in  1890 
the  estimated  output  was  ten  millions  per  annum.  And  we  have 
already  seen  that  the  capacity  of  American,  production  alone  is,  for 
this  present  year,  about  9,500,000  tons.  From  quite  an  early  date 
the  manufacture  of  steel  in  the  United  States  has  exceeded  that 
of  any  other  country,  and  I  do  not  think  it  is  an  over-estimate 
to  say  that  its  capacity  now  exceeds  the  ])roduce  of  all  the  rest 
of  the  Avorld  collectively.  As  the  output  has  increased,  prices 
have  fallen,  until  they  have  now  reached  the  lowest  point  on 
record,  about  £5  per  ton  for  rails.  That  is  to  say,  that  the 
invention  of  Bessemer  represents  to-day  a  possible  total  of 
money  value  of  £50,000,000  sterling  on  the  output  of  the  con- 
verters in  the  United  States.    . 

These  gigantic  figures  are  beyond  our  grasp,  and  we  have  to 
turn  to  Sir  Henry  Bessemer's  vivid  method  of  dealing  with  large 
amounts  to  comprehend  what  they  mean.  In  an  often  quoted 
letter  to  the  Times,  published  some  time  in  1893,  Bessemer 
brought  these  figures  down  to  the  intelligence  of  the  average 
reader.  The  passages  are  so  interesting  that  I  may  be  pardoned 
for- reproducing  them  once  more.  He  dealt  with  the  w^orld's  esti- 
mated output  in  1892—10,500,000  tons. 

"  Let  us,"  he  wrote,  "  use  the  mind's  eye  to  assist  us,  and  imagine  standing 
erect  before  us  a  jjlain  round  column  or  tower  of  solid  steel  30  feet  in  diameter, 
400  feet  high ;  this,  no  doubt,  would  impress  us  as  a  very  large  and  heavy  mass, 
and  few  people  would  be  prepared  at  first  to  accept  the  simple  fact  that  the  pro- 
duction of  Bessemer  steel  in  1892  would  make  1,671  such  columns,  and  leave  a 
remainder  of  5,535  tons.  Yet  such  is  the  fact.  These  tall  columns  would  form 
a  goodly  row,  and  if  placed  side  by  side  in  a  straight  line,  and  in  contact  with 
each  other,  would  extend  to  a  distance  of  6  miles  and  580  yards  ;  indeed,  there  is 
on  an  average  5.3  such  columns  ])rodueed  on  each  working  day  in  the  year,  bring- 
ing up  each  day's  production  of  steel  to  33,54(5  tons,  as  compared  with  Sheffield's 
former  production  of  51,000  tons  annually. 

"  We  may  put  this  in  another  way,  and  imagine  a  jilain  cylindrical  column  of 
100  feet  in  diameter,  a  good  idea  of  which  may  be  formed  by  a  glance  at  some  of 
the  very  large  gasometers  in  the  metropolis  ;  then  further  imagine  this  gaso- 
meter, not  as  a  thin  iron  shell,  but  as  a  ponderous  solid  mass  rising  before  you  to 
an  altitude  of  6.654  feet  6  inches,  or  nearly  one  mile  and  a  third  in  height.  Such 
a  huge  solid  mass  would  be  exactly  equal  to  one  years  make  of  Bessemer  steel. 
But  even  in  this  form  we  must  draw  powerfully  upon  our  imagination,  for  but 
few  people  can,  in  their  mind's  eye,  fully  realize  a  huge  solid  mass  of  such  heavy 
matter  rising  to  more  than  10^  times  the  height  of  the  cross  of  St.  Paul's. 

"  It  must  be  remembered  that  the  process  of  converting  crude  iron  into  steel 
61 
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goes  on  ceaselessly  in  the  converter  for  tlie  wliole  twenty-four  hours  of  each  day, 
so  that  one  hour's  production  is  only  one  twenty-fourth  part  of  a  single  day's 
work  ;  but  if  all  the  steel  produced  in  the  Bessemer  converter  in  this  short 
interval  of  time  were  collected,  it  would  fonn  a  solid  cylindrical  mass  of  8  feet 
in  diameter,  and  139  feet  in  height,  thus  overtopping  the  Duke  of  York's  column 
and  the  Nelson  monument.  What  a  notable  portico  would  twenty-four  such 
columns  make,  the  work  of  a  .single  day,  but  yet  large  enough  to  dwarf  the 
grand  old  ruins  of  Karnac  and  Tlu  bos. 

"  It  may  be  interesting  to  put  this  matter  in  another  form,  in  order  to  bring 
it  vividly  home  to  the  imagination.  A  steel  ingot  of  one  ton  weight  is  as  nearly 
as  possible  5  cubic  feet  in  solid  matter.  Let  us  now  imagine  a  solid  square  ingot 
of  solid  steel,  having  a  base  measuring  50  feet  by  50  feet  and  standing,  say,  400 
feet  high.  This  would  make  a  square  tower  of  solid  steel  much  larger  than  the 
Clock  Tower  of  the  House  of  Parliament,  which  is  precisely  40  feet  square,  and 
about  half  as  high  as  this  imaginary  square  tower  ;  in  fact,  such  a  tower  would 
only  be  about  4  feet  below  the  top  of  the  cross  of  St.  Paul's  Cathedral.  This 
tower  would  contain  precisely  1,000,000  cubic  feet,  and  would  weigh  just  200,000 
tons.  Now,  the  Tliames  embankment,  from  Westminster  Bridge  to  Blackfriars 
Bridge,  measured  down  the  centre  of  the  roadway,  is  one  mile  and  a  quarter  and 
a  few  yards.  Let  us  suppose  one  of  those  gigantic  towers  to  stand  opposite  the 
Clock  Tower,  and  in  a  line  with  the  i-oadway  over  Westminster  Bridge,  and  a 
similar  one  erected  at  the  other  end  of  the  em.bankment  in  a  line  with  the  road- 
way passing  over  Blackfriars  Bridge.  Let  us  further  imagine  fifty  other  pre- 
cisely similar  towers  placed  equidistant  between  them,  thus  leaving  a  space  of 
only  27  yards  between  each  tower.  This  row  of  gigantic  towers  would  represent 
10,400,000  tons,  or  just  100,000  tons  less  than  one  year's  production  of  Bessemer 
steel,  each  of  the  53  towers  being  1,923  tons  less  than  the  average  production. 

"  We  might  think  of  many  other  object  lessons  that  would  be  likely  to 
convey  to  the  mind's  eye  a  vivid  and  realistic  picture  of  the  enormous  bulk  of 
matter  represented  by  10,500,000  tons  of  steel.  Let  us  select  one  other  illustra- 
tion. Imagine  a  straight  wall  100  miles  in  length,  5  feet  in  thickness,  and  20 
feet  in  height.  Such  a  wall  would  stand  on  60i  acres  of  land  ;  but  suppose  that 
this  wall,  like  a  gigantic  armour  plate,  was  formed  into  a  circle  and  used  to 
surround  London  ;  the  enclosure  so  made  would  extend  to  Watford  on  the  north, 
to  Croydon  on  the  south,  to  Woolwich  on  the  east,  and  to  Richmond  on  the 
west.  It  would,  in  point  of  fact,  form  a  circular  enclosure  of  31f  miles  in  diame- 
ter, and  would  embrace  an  area  of  795  square  miles.  This  great  wall  of  London 
would  just  be  equal  to  a  single  year's  production  of  Bessemer  steel. 

"  The  great  financier  who  is  constantly  dealing  with  the  realised  values  of 
many  millions  would  have  a  very  keen  appreciation  of  what  84,000,000  pounds 
sterling  really  means,  yet  I  doubt  if  even  the  Chancellor  of  the  Exchequer  could, 
off-hand,  give  anything  like  the  correct  dimensions  of  a  mass  of  standard  gold 
of  that  value.  It  can,  however,  be  ascertained  with  accuracy.  Since  57  sover- 
eigns weigh  just  one  pound  avoirdupois,  the  weight  of  54,000,000  sovereigns 
would  be  657  tons,  17  hundredweight,  3  quarters  and  16  pounds,  and  as  the 
specific  gravity  of  standard  gold  coin  is  17.167,  we  should  have  amass  equal  to 
1,374.70  cubic  feet,  from  which  one  could  make  a  plain  cylindrical  column  of 
solid  gold  5  feet  in  diameter  and  109  feet  5  inches  in  height,  as  a  representative 
of  the  commercial  value  of  the  larger  column  of  steel  which  I  have  referred  to. 
It  is  an  interesting  fact  that  the  statistics  published  by  the  A/males  des  Mines 
for  1893  show  that  it  would  take  more  than  three  years'  production  of  all  the 
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gold  mines  in  the  world  to  pay  in  gold  lor  one  year's  production  of  Bessemer 
steel." 

Tlie  data  upou  which  Sir  Henry  Bessemer  founded  the  fore- 
going curious  calculations  in  1893  apply— except  as  regards 
price — very  nearly  to  the  capacity  of  the  United  States  Bes- 
semer works  for  1895-1899.  Those  who  are  sufficiently  inter- 
ested, can  extend  the  computation  to  the  world  s  output  of  the 
current  year. 

XXV. 

In  1871-72  Bessemer's  energy  had  found  a  new  object — that 
of  the  swinging  saloon  for  sea-going  vessels.  This  object  he 
pursued  very  seriously  for  some  years.  During  the  whole  of 
his  long  life,  Sir  Henry  Bessemer  traveled  but  rarely  beyond 
the  limits  of  the  United  Kingdom,  for  the  simple  reason  that  he 
suffered  more  than  most  people  from  sea-sickness.  It  was  this 
unconquerable  malady  which  directed  his  thoughts  to  a  means  of 
reducing  the  movements  of  passenger  cabins  at  sea,  which  re- 
sulted in  the  costly  experiment  of  the  steamship  "  Bessemer." 
This  ship,  which  was  designed  and  constructed  under  the  advice 
of  Sir  E.  J.  Keed,  was  intended  for  the  Channel  service,  between 
Dover  and  Calais.  She  was  350  feet  long  and  40  feet  beam, 
increased  to  54  feet  by  a  row  of  overhanging  staterooms  on 
each  side  between  the  two  sets  of  paddle  wheels,  which  were 
placed  106  feet  apart.  There  were  two  sets  of  independent 
engines,  indicating  together  4,000  horse-power,  and  the  four  side 
wheels  were  each  30  feet  in  diameter.  The  length  of  the  prome- 
nade deck  was  270  feet,  there  being  a  low  deck  at  each  end,  40 
feet  long,  for  the  capstans  and  other  ship's  gear.  The  great 
feature  of  the  ship  was,  of  course,  the  Bessemer  swinging  saloon, 
placed  amidships  ;  it  was  70  feet  long  ;  30  feet  wide,  and  20  feet 
high,  and  it  weighed  180  tons.  No  money  or  trouble  was  spared 
to  make  this  saloon  luxurious  in  fittings,  ventilation,  warming, 
etc.  The  whole  structure  was  hung,  fore  and  aft,  on  two  trun- 
nions, the  massive  bearings  for  which  were  built  into  the  ship's 
frames.  The  saloon  was  carried  on  steel  transverse  girders,  the 
ends  of  the  central  pair  of  which  projected  beyond  the  sides  of 
the  saloon,  and  were  connected  to  a  pair  of  vertical  hydraulic 
cylinders  and  plungers  ;  diagonal  hydraulic  cylinders  were  also 
connected  to  the  underside  of  the  floor  framing.     All  of  these 
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controlling  cylinders  were  connected,  by  a  system  of  piping,  to 
a  regulating  station  on  deck,  where  an  operator  could,  by  the 
mechanism  provided,  so  govern  the  relative  position  of  the 
hydraulic  cylinders  and  the  rams,  that  the  saloon  could  always 
be  kept  horizontal.  The  mechanism  all  worked  admirably,  but 
of  course  it  was  only  efficient  in  counteracting  the  roll  of  the 
ship  ;  it  was  powerless  against  the  effect  of  pitching,  or  of  the 
rise  and  fall  of  the  ship  in  rough  water.  Those  who  may  be 
interested  in  this  experiment  should  refer  to  Sir  E.  J.  Reed's 
paper  on  the  "Bessemer  Steamship,"  read  before  the  Institu- 
tion of  Naval  Architecture  in  April,  1875.  Referring  to  the 
limited  efficiency  of  the  "  Bessemer  "  saloon  just  mentioned.  Sir 
E.  J.  Reed  said  : 

"Mr.  Bessemer's  idea  was,  and  is,  to  apply  liis  machinen-  not  only  to  the 
transverse  motion  of  the  saloon  or  cabin,  but  also  to  the  longitudinal  oscillation. 
But  as  this  vessel  was  intended  only  for  Channel  service,  and  as  it  was  to  be  a 
large  vessel,  performing  the  service  in  comparatively  sjnall  waves,  it  was  thought 
desirable  by  Mr.  Bessemer,  as  well  as  by  his  friends,  that  he  should  limit  the 
first  application  of  his  system  to  the  removal  of  transverse  oscillation." 

On  Saturday,  the  8th  May,  1875,  the  "  Bessemer  "  made  her  first 
and  only  public  trip  from  Dover  to  Calais,  in  quite  calm  weather. 
The  trial  was  not  successful ;  despite  her  relatively  high  engine 
power  she  was  slow,  taking  one  hour  and  thirty-three  minutes 
in  the  crossing ;  she  steered  badly  (or  perhaps  too  well),  and 
was  only  got  alongside  at  Calais  after  having  carried  away  100 
feet  of  the  pier  head.  The  swinging  saloon  was  not  operated, 
on  this  occasion,  partly  on  account  of  the  calm  sea,  and  ^^artly 
because  the  gear  was  not  completely  adjusted.  The  return  trip 
was  unsatisfactory  as  regards  speed — one  hour  and  forty-four 
minutes. 

Previous  to  this  run,  the  '' Bessemer  "' had  made  tv\o  trial 
trips,  and  had  once  done  damage  to  the  pier.  The  opinions  of 
experts  were  strongly  opposed  to  her  being  placed  on  the  ser- 
vice, and  to  all  practical  purposes  her  career  ended  with  the 
return  journey  to  Dover  on  Monday,  May  10,  1875.  The  failure 
was  a  great  disapjoointment  to  Sir  Henry  Bessemer,  who  paid 
all  the  expenses  incurred  by  the  small  syndicate  that  had  been 
formed  to  build  the  vesseL 

The  later  years  of  Sir  Henry  Bessemer  were  years  of  busy 
leisure.  He  erected  a  fine  observatory  at  his  residence  on  Den- 
mark Hill,  and  devoted  a  great  deal  of  time  to  the  construction 
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of  a  telescope,  aud  to  mechauisms  for  griudiug  and  polisliiug 
lenses.  From  this  he  Avas  led  to  a  series  of  interesting  experi- 
ments on  the  application  of  solar  heat  for  the  production  of 
high  temperatures,  and  he  hoped  to  do  much  witli  his  solar 
furnace.  He  laid  out,  Avith  his  usual  originality  and  skill,  a 
diamond-cutting  and  polishing  plant  for  one  of  his  grandsons, 
whom  he  had  established  in  that  industry  ;  and  he  c(^ntinued  to 
the  last  to  take,  a  keen  interest  in  his  ver}'  beautiful  house  and 
grounds,  where  he  resided  for  many  years,  and  which  showed 
in  every  direction  evidences  of  his  great  artistic  skill  and  his 
mechanical  ingenuity.  During  six  or  seven  years  before  his 
death  he  was  occupied  in  a  somewhat  desultory  manner  upon  his 
Autobiography,  a  work  he  had  practically  completed,  and  Avliich 
it  was  his  earnest  desire  should  be  published  promptly.  In  this 
book  is  told,  in  detail,  the  story  I  have  sketched  only  very  gen- 
erally and  imperfectly,  and  in  doing  which  I  have  probably 
made  some  errors  and  omissions,  for  I  have  preferred  to  depend 
wholly  on  other  sources  of  information  in  the  pages  which  I 
now  submit  to  your  Society. 

XXVI. 

Sir  Henry  Bessemer's  name  is  among  the  founders  of  the 
Iron  and  Steel  Institute  in  1868,  as  one  of  the  representatives 
of  the  Sheffield  district,  on  the  provincial' committee.  He  fol- 
lowed the  Duke  of  Devonshire  as  president  of  the  Institute 
during  the  years  1871-73.  Although  his  name  appears  probably 
more  frequently  than  that  of  any  one  else  in  the  volumes  of 
Tvcumidiom,  he  only  contributed  two  papers  besides  his  presi- 
dential address.  The  first  of  these  was  in  1886,  and  was  en- 
titled, "  On  Some  Earlier  Forms  of  Bessemer  Converters."  The 
second  paper  was  read  in  1891,  "On  the  Manufacture  of  Con- 
tinuous Sheets  of  Malleable  Iron  or  Steel  direct  from  the  Fluid 
Metal"  This  suggested  process  was  to  some  extent  a  develop- 
ment of  his  early  patents  for  a  similar  treatment  of  fluid  glass. 
But  though  he  contributed  only  two  papers  to  the  Institute,  he 
took  a  lively  interest  in  its  proceedings,  was  a  constant  attend- 
ant at  the  meetings,  and  very  frequently  took  part  in  the  dis- 
courses. 

In  1873,  on  retiring  from  the  presidency.  Sir  Henry  Bessemer 
invested  the  sum  of  £400  in  perpetual  debentures  of  the  Lon- 
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don  and  Northwestern  Railway,  to  furnish  funds  for  the  annual 
provision  of  a  ^old  medal  to  be  awarded  at  each  annual  meeting 
of  the  Institute. 

"  The  awards  are  to  be  (1)  to  tlie  inventor  or  introducer  of  any  important  or 
remarkable  invention,  employed  in  the  manufacture  of  iron  or  steel  ;  (2)  for  a 
paper  read  before  the  Institute,  and  having  special  merit  and  importance  in  con- 
nection with  the  iron  and  steel  manufacture  ;  (3)  for  a  contribution  to  the  .Journal 
of  the  Institute,  being  an  original  investigation  bearing  on  the  iron  and  steel 
manufacture,  and  capable  of  being  productive  of  valuable  and  practical  results. 
The  Council  may,  in  their  discretion,  award  the  medal  in  any  case  not  coming 
strictly  under  the  foregoing  definitions,  should  they  consider  that  the  iron  ai;d 
steel  trades  have  been,  or  may  be,  substantially  benefited  by  the  person  to  whom 
such  an  award  is  to  be  made." 


The  Bessemer  medal  is  a  much-coveted  distinction,  and  the 
recipients  since  1874  have  not  only  oeen  distinguished  in  the  iron 
and  steel  industries,  but  have  fully  complied  with  conditions  im- 
posed by  the  Council.  Twenty-eight  medals  in  all  have  been 
given;  in  1883,  1884,  1889,  and  1890,  two  such  distinctions  were 
awarded.     The  names  of  the  recipients  are  as  follows : 


1874.  Sir  Lowthian  Bell,  F.R.S. 

1875.  Sir  William  Siemens,  F.R.S. 
1876    Robert  F.  Mushet. 

1877.  .John  Percy,  M.D.,  F.R.S. 

1878.  Peter  Ritter  von  Tunner. 

1879.  Peter  Cooper. 

1880.  Sir  .Joseph  Whit  worth. 

1881.  William  Menelaus. 

1882.  Alexander  Lyman  Holley. 

1883.  George  J.  Snelus,  F.R.S. 

1883.  Sidney  Gilchrist  Thomas. 

1884.  Edward  Windsor  Richards. 

1884.  Edward  P.  Martin. 

1885.  Richard  Akerman. 

1886.  Edward  Williams. 


1887.  James  Riley. 

1888.  Daniel  Adamson. 
18S9.  John  D.  Ellis. 

1889.  Henri  Schneider. 
18f)0.   William  Daniel  Allen, 

1890.  Hon.  Abram  S.  Hewitt. 

1891.  Rt.  Hon.  Lord  Armstrong,  C.B., 

F.R.S. 

1892.  Arthur  Cooper. 

1893.  John  Fritz. 

1894.  John  Gjeis. 

1895.  Henry  M.  Howe. 
189(3.  Hermann  Wedding. 

1897.  Sir  Fred.  A.  Abel,  F.R.S. 

1898.  Richard  Price- Williams. 


It  will  be  noticed  that  the  names  of  several  distinguished 
Americans  occur  in  the  foregoing  list,  notably  that  of  Alexander 
Holley,  who  died  before  the  date  of  presentation.  Among  the 
other  recipients  I  may  dwell  for  a  moment  on  that  of  W.  D. 
Allen,  Bessemer's  brother-in-law  and  life-long  associate.  His 
name  has  occurred  so  often  in  the  course  of  this  sketch,  and  the 
part  he  played  in  the  development  of  the  Bessemer  process  was 
so  important,  that  I  think  the  subjoined  letter,  written  by  Sir 
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Henry  to  Mr.  Allen,  will  be  read  with  interest.     The  letter  is 
dated  April,  1890  : 

"  There  wa.s  a  Council  meeting  this  morning  of  the  Iron  and  Steel  Institute, 
and  among  other  business,  we  had  to  decide  the  question  of  the  award  of  the 
Bessemer  medal.  I  addressed  the  meeting,  and  said  I  had  made  it  a  rule  not  to 
throw  any  weight  into  this  question,  but  preferred  that  my  fellow  Councilmen 
should  take  the  initiative,  but  at  the  same  time  observing  that  this  standing 
aloof  might  be  carried  too  far,  and  a  great  injustice  done,  and  under  these 
circumstances,  I  said  that  I  felt,  in  duty  bound,  to  name  a  gentleman  to  whom 
the  introduction,  and  the  successful  carrying  out,  of  the  Bessemer  steel  process, 
was  very  greatly  indebted,  and  that  I  Avas  the  more  able  to  bear  testimony  in  his 
behalf,  because,  although  once  intimately  associated  with  him  in  business,  1  had 
for  the  last  dozen  years  ceased  to  have  any  pecuniary  interest  whatever  in  the 
works  referred  to. 

"  I  said  that  Mr.  W.  Allen,  of  the  Sheffield  Bessemer  steel  works,  assisted  me 
in  the  very  first  experiments  I  ever  made,  and  became  thoroughly  initiated  in  all 
facts  that  related  to  the  process  ;  that  he  assisted  in  the  building  and  laying  out 
of  our  Sheffield  works,  and  had  the  entire  management  of  the  process  as  well  as 
of  the  business,  and  in  that  capacity  realised  almost  fabulous  profits  from  an  ex- 
tremely small  capital.  Further,  that  in  aid  of  the  introduction  and  dissemination 
of  the  'art  and  mystery,'  he  had  done  a  great  deal,  all  the  early  makers  having 
derived  from  hitn  that  stock  of  knowledge  with  which  they  commenced  their 
respective  business:  and  further,  that  Mr.  Allen  had  introduced  many  important 
improvements  in  the  detail  of  manufacture. 

"I  also  remarked  that  it  had  been  frequently  said,  that  Bessemer  steel  was 
very  good  for  rails,  but  not  for  a  higher  class  of  goods.  Now  Mr.  Allen  had 
conclusively  proved  the  contrary  of  this  assertion  :  he  had  never  made  a  rail, 
but  had  gone  in  for  the  better  class  of  material  now  so  largely  used  in  the  Shef- 
field manufactures.  He  produced  a  high  class  of  Bessemer  steel,  which  was  fully 
appreciated  by  the  Sheffield  trade,  and  he  consequently  was  enabled  to  realise 
most  remunerative  prices,  in  proof  of  which  I  might  mention  the  fact  that  a  few 
weeks  ago,  Messrs.  Bessemer  &  Co.  (which  is  mainly  Mr.  Allen  and  his  son) 
declared  a  dividend  of  25  per  cent,  per  annum,  on  a  capital  of  t'90,000  :  carried 
£23,000  forward  ;  wrote  off  £5,000  depreciation  ;  and  spent  out  of  revenue 
£11,000  in  new  erections.  Such  a  result,  in  the  face  of  the  great  competition  in 
Bessemer  steel,  is,  I  take  it,  a  strong  proof  of  the  excellence  of  the  material  of 
which  Mr.  Allen  has  acquired  the  art  of  making. 

"Mr.  Windsor  Richards  spoke  of  the  valuable  information  he  had  received 
from  Mr.  Allen  ;  Mr.  Snelus  made  a  similar  statement,  and  Mr.  Ellis  confirmed 
the  fact  of  your  success  as  a  manufacturer  of  high  grade  Bessemer;  the  question 
was  then  passed,  and  you  were  unanimously  awarded  the  Bes.semer  medal,  which 
is  to  be  presented  to  you  at  the  May  meeting.  This  award  has  given  me  a  great 
deal  of  satisfaction.  .  .  .  I  do  not  know  if  you  are  aware  that  I  have  been 
engaged  in  designing  and  superintending  the  execution  of  a  very  handsome 
diploma,  framed  and  glazed,  to  be  pre.sented  to  all  who  have  been  i)reviously 
awarded  the  medal;  a  dozen  of  these  will  be  sent  out  to-morrow.  ...  It  was 
thought  that  the  medal  itself  can  l)e  rarely  shown,  and  that  this  large  and  beauti- 
fully got  up  design  might  be  hung  up  in  a  library  or  in  the  principal  office  of  the 
medallist,  where  the  fact  would  show  itself  to  all  who  came,  whereas  the  medal 
itself  was  generally  locked  up  for  safety." 
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Sir  Henry  Bessemer  contributed  but  few  papers  to  the  tech- 
nical societies.  Besides  the  two  al)ove  mentioned  as  having 
been  read  before  the  Iron  and  Steel  Institute,  and  his  presi- 
dential address,  delivered  to  the  same  body,  I  am  aware  of  only 
few  other  papers,  though  no  doubt  there  are  some  that  have 
escaped  my  notice.  There  is  the  famous  British  Association 
paper  of  1856 ;  the  Institution  of  Civil  Engineers  paper  of  1859 ; 
a  paper  read  before  the  Institution  of  Mechanical  Engineers  in 
1861  ;  and  the  paper  read  before  your  own  Society,  some  two 
years  since.*  The  contributions  which  he  made  to  technical 
literature  are  all  pleasant  reading,  and  one  regrets  that  he  was 
not  a  more  prolific  writer. 

XXVII. 

Considering  the  great  service  Bessemer  rendered  to  the  whole 
world,  the  recognitions  he  received  were  few  and  insignificant. 
The  decoration  of  the  Legion  of  Honor,  oflfered  him  by  the 
French  Emperor  about  1856,  he  was  not  permitted  to  accept ; 
the  tardy  acknowledgment  by  the  British  Government,  of  his 
great  service  rendered  to  the  Inland  Revenue  Ofiice,  did  not 
come  to  him  in  the  form  of  a  knighthood  till  1879.  He  was 
made  a  Fellow  of  the  Royal  Society  of  Great  Britain  also  in 
1879,  and  previous  to  that  time  he  had  received  the  decoration 
of  Commander  in  the  Order  of  Francis  Joseph,  from  the  Emperor 
of  Austria.  lie  was,  as  we  have  seen,  President  of  the  Iron 
and  Steel  Institute  in  1871,  and  was  made  a  member  of  the  In- 
stitution of  Civil  Engineers  in  1877.  He  was  an  Honorary 
Member  of  your  Society,  and  received  many  medals  and  di- 
plomas of  honorary  membership  from  various  European  in- 
stitutions. 

In  April,  1880,  the  freedom  of  the  Company  of  Turners  was 
presented  to  Sir  Henry  Bessemer,  and  on  Wednesday,  October  5, 
of  the  same  year,  the  freedom  of  the  City  of  London  was  also 
presented  to  him,  "  in  recognition  of  his  valuable  discoveries, 
which  have  so  largely  benefited  the  iron  industries  of  the 
country,  and  his  scientific  attainments,  which  are  so  well  known 
and  appreciated  throughout  the  world." 

In  the  course  of  his  speech,  thanking  the  city  for  this  mark  of 
appreciation,  Sir  Henry  said  : 

*  Transactions  A.  S.  M.  E.,  vol.  xviii.,  p.  455,  No.  720. 
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"  Under  the  process  wbich  I  had  the  honor  of  inaugurating  we  dispense  with 
every  one  of  the  intermediate  processes  formerly  employed.  We  have  no  smelt- 
ing of  pig  iron,  we  have  no  making  of  balls,  we  have  no  rolling  of  bars,  we  have 
no  shearing  of  bars,  we  have  no  piling  up,  we  have  no  heating  furnaces. 

"  You  will  readily  undert>taud  why,  with  a  process  so  rapid,  and  so  entirely 
devoid  of  the  use  of  ex])ensive  fuel,  and  of  all  those  varied  skilled  manipulations 
which  were  necessary  at  every  stage  in  the  old  process,  the  cost  of  manufacture 
is  so  exceedingly  small  as  it  is  found  to  be.  .  .  .  At  the  time  when  my  inven- 
tion was  introduced  into  Sheffield  the  entire  make  of  steel  was  51,000  tons  a  year  ; 
last  year  we  made  830,000  tons  of  Bessemer  steel,  being  sixteen  times  what  was 
before  the  entire  output  of  the  whole  produce  of  the  country.  It  is  anticipated 
that  on  the  continent  of  Europe  this  year's  make  will  reach  in  all  3,000,000 
tons.  The  value  of  these  3,000,000  tons  together  may  be  taken  at  £10  per  ton,  or 
£30,000,000  sterling,  and  if  that  metal  had  been  made  by  the  old  process  which  I 
have  described,  it  would  have  been  imj)ossible  to  have  brought  it  into  the  market 
under  £50  a  ton,  or  £150,000,000  sterling." 

Of  all  the  distiiictions  bestowed  upon  Sir  Henry  Bessemer, 
that  which  he  most  appreciated  was  the  compliment  paid  him 
in  the  United  States  by  naming  more  than  one  of  your  cities 
after  him. 

The  original  of  the  portrait  that  accompanies  this  monograph 
hangs  on  one  of  the  walls  of  the  Society's  building.  It  was  jjre- 
sented  by  Sir  Henry  Bessemer  in  1^90,  atid  I  had  the  pleasure 
of  bringing  it  to  you  on  the  occasion  of  my  visit  in  1800.  Sir 
Henry  asked  me  to  be  the  bearer  of  this  picture,  and  of  a  letter, 
from  which  I  make  the  following  extracts,  because  they  show 
his  deep  ajDpreciation  for  the  esteem  in  which  you  held  him. 
He  wrote  : 

"  It  is  a  source  of  great  regret  and  disappointment  to  me  that  Nature  has 
interposed  an  inseparable  barrier  between  us,  by  giving  me  a  constitution  tliat 
does  not  permit  me  to  make  the  shortest  sea  voyage  without  absolute  danger  of 
life  ;  but  for  this  circumstance  the  fact  of  my  being  in  my  seventy  eighth  year 
would  not  have  prevented  me  from  accepting  America's  generous  hospitality, 
and  seeing  with  my  own  eyes  the  enormous  progress  which  the  indomitable 
energj'  and  perseverance  of  the  citizens  of  the  New  World  have  made  within  the 
last  twenty  years. 

"  Much  as  I  should  have  felt  interested  and  impressed  at  their  great  mechani- 
cal and  engineering  progress,  I  should  liave  experienced  still  greater  j)leasur('  and 
pride  in  visiting  their  magnificent  steel  works,  and  seeing  the  material  that  bears 
my  name  produced  on  a  scale  of  greater  magnitude  than  it  is  in  any  other 
country  in  the  world.  And  when  I  reflect  on  the  greater  honor  conferred  on  me 
by  this  application  of  my  labors,  I  find  it  difficult  to  express  the  gratification  it 
affords  me. 

"In  England,  France,  and  Germany  many  generous  tributes  liave  been 
accorded  me  by  imperial  personages,  corporate  bodies,  and  scientific  institutions. 
From  the  nature  of  ber  constitution,  America  has  no  knighthood  or  other  title  to 
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bestow.  Rut  to  a  generous  peo])le  a  way  may  always  be  found  of  honoring tliose 
whom  they  desire  to  honor,  and  in  giving  the  name  of  Bessemer  to  a  rising  city 
in  the  United  States  they  have  created  a  living  monument  to  my  memory  wliich 
will  last  for  centuries  after  all  tlie  titles  and  medals  1  have  received  in  P^urope 
have  passed  away  and  are  forgotten. 

•'  It  is  in  vain  I  look  forward  adequately  to  express  my  gratitude  for  this  great 
memorial,  but  I  gladly  avail  myself  of  this  opportunity  of  thanking  them,  though 
but  very  feebly,  for  the  honor  done  me,  which  far  exceeds  in  generosity  and 
value  anything  that  my  invention  deserves." 

I  am  quite  sure  the  knowledge  that  several  cities  in  the  United 
States  had  been  named  after  him  afforded  Sir  Henry  Bessemer 
greater  pleasure  and  more  cause  for  pride  than  did  all  his 
other  successes  and  recognitions  put  together.  And  I  wish  he 
could  have  been  able  to  see  the  diagrams  I  have  annexed  to 
this  monograph,  showing  the  enormous  growth  of  Bessemer 
steel-making  in  the  United  States,  and  the  equally  astonishing 
reduction  in  cost. 

XXVIII. 

I  think  I  cannot  better  conclude  this  imperfect  monograph 
than  by  quoting  the  testimony  of  three  of  your  great  authorities 
on  Sir  Henry  Bessemer  and  his  work. 

HoUey,  of  course,  comes  first  : 

"  The  Bessemer  process  is  remarkable,  first,  because  in  all  its  cardinal  feat- 
ures—although not  in  many  details  that  have  given  it  commercial  success — in  all 
its  fundamental  features  it  was  developed  during  the  brief  period  of  six  years, 
out  of  nothing,  in  the  way  of  a  kindred  and  helpful  state  of  the  art,  by  the 
remarkable  man  whose  name  it  bears.  Within  the  sixteen  years  that  have 
elapsed  since  Bessemer  made  his  first  trial,  his  process  has  risen  from  nearly 
abandoned  experiments  to  the  production  of  a  million  tons  a  year.  It  has  indeed 
progressed,  as  all  successful  processes  do — whether  fast  or  slowly — by  the  constant 
aid  of  experiment  and  failure,  but  the  rapidity  of  its  development  was  due,  in  a 
degree  not  often  precedented  in  the  iron  business,  to  the  genius  of  its  inventor — 
especially  to  that  form  known  as  perseverance."  * 

Next  comes  Mr.  R.  W.  Hunt,  Holley's  friend  and  colleague  : 

"  As  I  have  often  expressed  it,  if  we,  knowing  there  was  a  way  through  all 
our  troubles,  felt  so  hopeless,  what  must  have  been  Bessemer's  pluck,  to  enable 
him  to  persevere  through  his  difficulties,  when  the  desired  end  was  known  only 
through  faith?  "  f 

*  From  a  lecture  delivered  before  the  students  of  the  Stevens  Institute  of 
Technology,  1872. 

f  "  The  Early  History  of  the  Bessemer  Process  in  America,"  1876. 
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Lastly,  the  Hon.  Abram  S.  Hewitt  : 

"A  very  few  considerations  will  serve  to  show  that  the  Bessemer  invention 
takes  its  rank  with  the  great  events  which  liave  changed  the  face  of  society  since 
the  time  of  the  middle  ages.  The  invention  of  printing,  the  construction  of  the 
magnetic  compass,  tlie  discovery  of  America,  and  tlie  introduction  of  the  steam 
engine,  are  the  only  capital  events  in  modern  history  which  belong  to  the  same 
category  as  the  Bessemer  process.  They  are  all  examples  of  the  law  and  progress 
which  evolve  social  and  moral  results  from  material  discoveries  and  inventions. 
It  is  inconceivable  to  us  how  the  world  ever  existed  without  the  appliances  of 
modern  civilization,  and  it  is  quite  certain  that  if  we  were  deprived  of  the  results 
of  these  inventions  the  greater  portion  of  the  human  race  would  perish  by  starva- 
tion, and  the  remainder  would  relapse  into  barbarism.  I  know  it  is  very  liigh 
praise  to  class  the  invention  of  Bessemer  with  these  great  achievements,  but  I 
think  a  careful  survey  of  the  situation  will  lead  us  to  the  conclusion  that  no  one 
of  these  has  been  more  potent  in  preparing  the  way  for  the  higher  civilization 
which  awaits  the  coming  century,  than  the  pneumatic  process  for  the  manufac- 
ture' of  steel.  .  .  .  The  name  of  Bessemer  will  therefore  be  added  to  the 
honorable  roll  of  men  who  have  succeeded  in  spreading  the  gospel  of  '  Peace  on 
earth  and  good  will  toward  men,'  which  our  Divine  Master  came  on  earth  to  teach 
and  encourage."  * 

In  thanking  you  once  again  for  having  invited  me  to  prepare 
this  monograph,  I  want  to  point  out  to  you  that  the  United 
States  has  done  more  than  any  other  nation  to  honor  the  name 
of  Sir  Henry  Bessemer.  Its  production  of  Bessemer  steel  is 
leaving  that  of  the  rest  of  the  world,  collectively,  far  behind.  It 
has  inscribed  the  name  of  Bessemer  indelibly  upon  its  maps ; 
and  it  has  been  the  first  to  put  on  record,  in  the  Ti-ansactions  of 
your  distinguished  Society,  the  outlined  story  of  his  career. 

*  Address  of  the  Hon.  Abram  S.  Hewitt  to  the  Iron  and  Steel  Institute,  1890. 
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The  following  is  a  complete  list  of  the  patents  granted  to  Sir 
Henry  Bessemer,  classified  according  to  their  subject  matter. 


Inventions  Relating  to  Printing. 


No. 

Patent 
No. 

Date. 

Subject  Matter. 

1 

7,585 

March     8,  1838 

Machinery  for  casting  type. 

II. 


Inventions  Relating  to  Railways. 


No. 

Patent 
No. 

2 

8.777 

6 

10,981 

8 

11.352 

31 

2,875 

41 

1,390 

43 

2,319 

47 

2,327 

55 

2,o85 

65 

2,74? 

66 

670 

75 

2,744 

114 

5,171 

115 

305 

Date. 


.Jan. 
Dec. 
Aug. 
Dec. 


5. 

26, 
9, 


June     18, 
Oct.       17, 


Oct. 

Nov. 

Dec. 


17. 
4, 
1, 


March  16, 

Nov.  5, 

Oct.  3, 

Jan.  18, 


1841 
18-15 
1846 
1853 
1855 
185.-) 
1855 
1856 
1858 
1859 
1863 
1882 
1883 


Subject  Matter. 


Checking  and  stopping  railway  carriages. 

Atmospheric  propulsion. 

Railway  engines  and  carriages. 

Construction  of  railway  axles  and  boxes. 

Manufacture  of  railway  wheels. 

Railway  bars. 

Railway  wheels. 

Manufacture  of  rails  and  axles. 

Railway  w^heels  and  wheel  tires. 

Manufacture  of  crank  axles. 

Manufacture  of  railway  bars. 

Loading  merchandise  ;  railway  rolling  stock. 
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III. 


Intentions  Relating  to  the  Manufacturk  of  Olass. 


No. 

Patent 
No. 

Date. 

Subject  Matter. 

3 

7 

9 
10 
11 

9,100 
11,317 

11,794 
12,101 
12,450 

Sept.     23.  1841 
July      30,  1846 

Julv      17.  1847 
March  22,  1848 
Jan.      31,  1849 

Manufacture  of  certain  glass. 

(also  for  silvering  and  coating  glass.) 
Manufacture  of  sheets  and  plates  of  glass. 

IV. 


Inventions  Eelating  to  the  Manufacture  of  Pigments,  Etc. 


No. 

Patent 
No. 

Date. 

Subject  Matter. 

4 

5 

18 

9,775 
10,011 
12,611 

Jan.      15,  1843 
Jan.      13,  1844 
May      15,  1849 

Manufacture  of  bronze  and  other  metal  paints. 
Pignaents  or  paints,  and  preparing  same. 
Manufacture  of   oils,   varnishes,   pigments,   and 
paints. 

V. 


Inventions  Relating  to.  Textiles. 


No. 

16 
19 
26 


Patent 

No. 


13,188 

13,819 

1,453 


Date. 


July  22,  1850 
Nov.  19,  1851 
June     18,  1853 


Subject  Matter. 


Figuring  and  ornamenting  surfaces,  and  ma- 
chinery employed  therein. 

Producing  ornamental  surfaces  on  woven  fabrics 
and  leather. 

Manufacture  of  waterproof  fabrics. 


1»62 
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VI. 


Inventions  Relating  to  the  Manufacture  of  Sugar. 


No. 

Patent 
No. 

12 

12,578 

17 

13,202 

18 

13,560 

20 

13,988 

21 

14,239 

23 

795 

23 

796 

24 

797 

25 

799 

27 

1,687 

28 

1,689 

29 

1.691 

30 

2,811 

Date. 


April  17,  1849 
July  31,  1850 
March  20,  1851 
Feb.      21,  1852 


July 
Nov. 
Nov. 
Nov. 
Nov. 
July 
July 
July 
Dec. 


24,  1852 
19,  1852 
19,  1852 
19,  1852 
19,  1852 
15,  1853 
15,  1853 
15,  1853 
2,  1853 


Subject  Matter. 


MaUin^  su^ar  and  extracting  saccharine  juices 

from  the  cane. 
Manufacture  of  sugar;  treatment  of  saccharine 

matter  by  centrifugal  force. 
Manufacture  and  refining  of   sugar  ;   machinery 

for  producing  vacuum. 
Expressing  saccharine  fluids,  and  manufacture  of 

sugar. 
Manufacture  of  sugar. 
Concentrating  cane  juice. 
Manufacture  of  sugar. 
Treatment  of  washed  sugar. 
Concentrating  saccharine  fluids. 
Refining  sugar. 

Manufacture  of  saccharine  fluids. 
Manufacture  of  sugar. 


VII. 
Inventions  Relating  to  Artillery, 


No. 

Patent 
No. 

33 

1,868 

34 

2,489 

36 

67 

39 

1,386 

41 

2,325 

68 

216 

70 

1,069 

77 

217 

78 

265 

81 

2,343 

100 

3,230 

101 

233 

103 

1,466 

Date. 


Aug. 

Nov. 

Jan. 

June 

Oct. 

Jan. 

April 

Jan. 

June 


25,  1854 

24,  1854 
10,  1855 
18,  18.55 
17,  1855 

26,  1861 

27,  1869 

25,  1864 
30,  1864 


Aug.  14,  1867 

Nov.  29,  1870 

Jan.  27,  1871 

June  1,  1871 


Subject  Matter. 


Guns  for  throwing  projectiles. 
Projectiles,  and  guns  for  discharging  same. 
Manufacture  of  ordnance. 

Ordnance,  and  projectiles  to  be  used  therewith. 
Ordnance  and  projectiles. 

Manufacture  of  projectiles. 

Manufacture   of   armour   plates,  and  machinery 

therefor. 
Ordnance. 

Ordnance,  cartridges  and  projectiles. 
Discharging  marine  artillery. 
Ordnance  and  projectiles. 
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VIII. 


Inventions  Relating  to  IMetallcrgical  Processes. 


No. 

Patent 
No. 

Date. 

Subject  Matter. 

32 

1,835 

Aug.     21, 

1854 

Treatment  of  slag. 

35 

66 

.Tan.       10. 

lSo5 

3Ianufactuie  of  iron  and  steel. 

38 

1,384 

Jan.      18, 

1855 

Manul'actiire  of  cast  steel,  and  mixtures  of  steel 
and  cast  ii'oii. 

44 

2,323 

Oct.       17, 

1855 

Manufacture  of  cast  steel. 

48 

2,768 

Dec.        7, 

1855 

Manufaoturo  of  iron. 

49 

44 

Jan.        4, 

1856 

Manufacture  of  iron  and  steel. 

50 

356 

Feb.      12. 

1856 

JManufactiire  of  malleable  iron  and  steel. 

51 

630 

March  15, 

1856 

Manufacture  of  iron  and  steel. 

53 

1,292 

May      31, 

18o6 

Manufacture  of  iron  and  steel. 

54 

1,981 

Aug.     25, 

18.J6 

Manufacture  of  iron  and  steel. 

56 

2,639 

Nov.     10. 

18o6 

Manufacture  of  iron  and  steel. 

57 

2,7-26 

Nov.     18, 

18.06 

Manufacture  of  iron. 

58 

221 

Jan.      24, 

1&57 

Manufacture  of  iron. 

59 

2,432 

Sept.     18, 

1857 

Manufacture  of  ca.st  steel. 

60 

2,805 

Nov.       5, 

1857 

Treating  iron  ores. 

61 

2,519 

Nov.       6, 

1857 

Manufacture  of  malleable  iron  and  steel. 

62 

2,062 

Nov.     13, 

18.57 

Smelting  iron  ores. 

63 

2,921 

Nov.     20, 

1857 

Manufacture  of  iron  and  steel. 

67 

570 

March    1, 

1860 

Machinery  for  the  manufacture  of  malleable  iron 
and  steel. 

69 

275 

Feb.        1, 

1861 

Manufacture  of  malleable  iron  and  steel,  and 
machinery  therefor. 

71 

58 

Jan.        8, 

1862 

Machinery  for  the  manufacture  of  iron  and  steel. 

73 

114 

Jan.      13, 

1862 

Malleable  iron  and  steel  ;  macbmery  and  appara- 
tus for  such  manufacture. 

76 

2,746 

Nov.       5, 

1863 

Manufacture  of  malleable  iron  and  steel. 

79 

1,208 

May        1, 

1865 

Manufacture  of  pig  iron. 

80 

2,835 

Nov.       3, 

1865 

Manufacture  of   iron   and   steel,   and   apparatus 

therefor. 

84 

3,714 

Dec.      31, 

1867 

Treatment  of  cast  iron,  and  manufacture  of  iron 
and  steel. 

85 

965 

March  21, 

1868 

Manufacture  of  refined  iron,  and  malleable  iron 

and  steel. 

86 

967 

March  21, 

1868 

Manufacture  of  malleable  iron  and  steel. 

87 

1,095 

Nov.     10, 

1868 

Manufacture  of  malleable  iron  and  steel. 

88 

566 

Feb.      23, 

1869 

Machinery  and  buildings  for  manufacture  of  iron 
and  cast  steel  from  pig  iron. 

89 

1,431 

May      10, 

1869 

Manufacture  of  malleable  iron  and  steel. 

90 

1,432 

May      10, 

1869 

Manufacture  of  malleable  iron  and  steel. 

91 

1,433 

May      10, 

1869 

Conversion  of  tiuid  crude  iron  into  fluid  malle- 
able iron  and  steel. 

92 

1,434 

May      10, 

1869 

Treatment  of  crude  iron. 

93 

1,435 

May      10, 

1869 

Working  blast  furnaces. 

94 

2,379 

Aug.     10, 

1869 

Pausing  of  metals  and  alloys,  and  founding  of  same. 

113 

987 

March    6, 

1880 

Purifying  iron  ;  making  malleable  iron. 

62 
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IX. 
Inventions  Relating  to  Manufactured  Iron  and  Steel. 


No. 

Patent 

No. 

J)!ltO. 

Subject  Matter. 

40 

1,388 

June     18,  1855 

Manufacture  of  rolls  used  in  llic  lamination  of 
metals. 

45 

2,8-'8 

Oct.       17,  1855 

Metal  beams. 

53 

1,^1)0 

May      31,  1856 

Shaping  and  pressing  malleable  iron  and  steel. 

73 

37 

Jan.        5.  1863 

Apparatus  for  pressing,  shaping,  and  cutting 
metallic  substances. 

111 

1,365 

April      5 

Making  iron  plate  and  black  plate. 

113 

4,110 

Oct.       10,  1879 

Preparing  tin  plates,  bars,  and  slabs. 

X. 


Inventions  Relating  to  Navigation. 


No. 

Patent 
No. 

Date. 

Subject  Matter. 

37 

1.353 

Jan.      18,  1855 

Screw  propellers,  shafts,  and  cranks. 

42 

2,317 

Oct.       17,  1855 

Manufacture  of  shafts  and  cranks. 

95 

3,707 

Dec.      23,  1869 

Vessels  to  prevent  sea-sickness. 

96 

553 

Feb.     24,  1870 

"                 "          "          " 

97 

1,559 

May      27,  1870 

"                 "          "          " 

98 

1,580 

May      30,  1870 

"                 "          "          " 

99 

1,742 

June     17,  1870 

"                 "          "          " 

105 

2,897 

Oct.         1,  1872 

Passenger  vessels. 

106 

1,076 

March  23,  1873 

Controlling  suspended  saloons. 

107 

2,274 

March,        1894 

Ship  saloons. 

109 

4,258 

1894 

XI. 

Miscellaneous  Inventions. 


No. 

Patent 
No. 

Date. 

Subject  Matter. 

14 

12,669 

June     23,  1849 

Machinery  .for  raising  water. 

15 

13,780 

Sept.     20,  1849 

Preparation  of  fuel  ;  apparatus  for  supplying 
same  to  furnaces. 

64 

1,724 

July      80,  1856 

Treatment  of  pit  coal. 

74 

1,489 

June       9,  1863 

Hydrostatic  presses. 

82 

3,198 

Nov.     11,  18(>7 

Grindstones,  and  other  forms  of  artificial  stone. 

85 

3,501 

Dec.        9,  1867 

Firebrick,  crucibles,  ornamental  bricks,  for  build- 
ing purposes. 

103 

386 

Feb.      15,  1871 

Repairing  and  converting  vessels. 

104 

1.737 

July       4,  1871 

Asphalt  pavements. 

108 

3.318 

March,        1874 

Supplying  water. 

110 

4,552 

Dec.      31,  1875 

Reflectors,' lenses,  etc. 
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DCCLXXXIX. 
MEMORIAL    NOTICES    OF    MEMBERS    DECEASED. 

[Notes. — It  lias  been  thought  by  the  Council  that  the  importance  of  the  life 
work  and  achievements  of  Sir  Henry  Bessemer,  Honorary  Member  of  the  Society, 
deceased  during  the  year,  should  receive  a  fuller  reference  than  the  brief  note 
usual  in  the  necrology  of  the  year. 

Readers  are  therefore  referred  to  the  monograph  prepared  by  Mr.  James 
Dredge,  of  London,  which  will  be  found  as  a  separate  paper  at  page  882  of  the 
current  volume.] 

JOHN    THOMAS. 

John  Thomas  ^yas  born  at  Yniscedwin,  South  Wales,  Septem- 
ber 10,  1829.  The  family  moved,  in  1830,  to  the  New  World,  and 
after  a  brief  residence  in  Allentown  they  moved  to  Catasauqua, 
where  Mr.  Thomas  spent  his  youth,  starting  as  a  blacksmitli's 
a]^prentice  at  the  Crane  Iron  Works.  Later  he  entered  the  machine 
shops  and  furnaces,  and  upon  the  retirement  of  his  father  from  the 
superintendency  of  the  Crane  Iron  Works  his  son  succeeded  him. 
He  filled  the  position  with  ability  and  success  until  ISOT,  when  he 
resigned  it  to  become  General  Superintendent  of  the  Thomas  Iron 
Company's  works  at  Hokendauqua.  lie  remained  in  this  position 
until  1894,  building  up  the  facilities  of  the  works  and  notably  in- 
creasing the  quality  of  the  product.  Advancing  years  and  failing 
health  compelled  Mr.  Thomas  to  turn  over  the  active  management 
of  the  works  to  his  son,  and  since  that  time  he  has  been  mostly 
engaged  superintending  his  other  business  in  Pennsylvania. 

He  became  a  member  of  the  Society  in  1883  upon  the  proposal 
of  Messrs.  Eckley  B.  Coxe,  John  Fritz,  and  others.  He  passed 
away  at  his  home  March  19,  1897,  at  the  age  of  sixty-seven 
years. 

CHARLES    H.    PARKER. 

Mr.  Parker  began  his  professional  career  in  1860  as  designer  on 
textile  machinery,  shoe  machinery,  and  general  work  with  the 
firm  of  J.  B.  Parker  &  Co.  lu  1800  he  became  Superintendent 
of  Construction  with  J.  R.  Robinson,  of  Boston,  concerned  with 
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the  introduction  t>f  motive- power  appliances,  and,  from  1800  to 
1S68,  and  includino-  a  residence  at  the  Paris  Exposition  of  1807, 
was  with  the  Shaw  Hot  Air  Engine  Company,  engaged  in  experi- 
mental work. 

It  lias  often  been  noticed  that  the  achievement  of  the  engineer 
ill  ])iiblic  works  fails  to  receive  its  adequate  recognition.  It  is 
especially  so  in  the  case  of  an  engineer  like  Mr.  Parker,  who  was 
concerned  with  an  establishment  such  as  was  the  National  Bridge 
Works  of  Boston ;  for  during  the  seven  years  of  his  connection 
with  them,  from  1868  to  1875,  he  designed  and  built  important 
bridges  over  the  Merrimac  at  Lowell,  Haverhill,  and  Tyngsboro ; 
and  over  one  hundred  and  fifty  other  bridges  of  different  spans, 
made  from  the  designs  of  others,  were  carried  through  the  shop  and 
erected  by  him.  Notable  in  this  hst  is  the  Quinnipiac,  at  New 
Haven,  designed  by  Clemens  Hershel ;  the  iron  roof  of  the  large 
train  house  of  the  Boston  &  Providence  Depot,  the  Boston  & 
Lowell  Depot,  the  Museum  of  Fine  Arts,  the  Boston  Post  Office 
and  Treasury  Building,  and  the  iron  work  of  the  Providence  City 
Hall.  Besides  this,  his  works  included  a  large  number  of  oil 
refinery  outfits,  tankage  pipe  lines,  mill  roofs,  blast-furnace  works, 
etc.  In  the  latter  years  of  his  life  he  was  connected  with  the 
Charles  Eiver  Iron  Works,  of  Cambridgeport,  designing,  construct- 
ino-,  and  erecting  mining  machinery,  hoisting  engines,  and  power 
plants.  He  became  a  member  of  the  Society  at  the  meeting  in 
Boston,  in  1885,  and  died  August  31,  1897. 

ALBERT  L.  IDE. 

Mr.  Ide  was  born  in  Wapakoneta,  Ohio,  March  20,  1841.  He 
came  to  Illinois  in  1843  with  his  father,  L.  H.  Ide,  and  lived  on  a 
farm  near  Williamsville,  until  1855,  when  he  moved  to  Spring- 
field. He  early  showed  his  mechanical  tastes  and  instincts, 
and  was  a  neighborhood  clock  repairer.  In  185G  he  entered  the 
shop  of  Campbell  &  Kichardson  as  an  apprentice  and  remained 
with  them  until  the  first  call  for  troops  in  the  Civil  War.  His 
active  service  ended  as  Major  of  the  Thirty-second  Illinois 
Infantry,  from  which  he  was  honorably  discharged  for  dis- 
ability after  a  severe  fever.  After  the  close  of  the  war  he  built 
and  equipped  and  became  president  of  a  city  railway  line  in 
Springfield,  and  in  1870  started  the  business  of  steam-heating, 
the  capitol  building  being  one  of  his  successful  achievements.     In 
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1876  he  purchased  a  shop  under  an  agreement  to  operate  it  for 
ten  years,  which  was  the  nucleus  of  the  greater  development  of 
his  later  life.  About  1880  Mr.  Ide  became  interested  in  the 
efforts  to  introduce  a  commercial  system  of  electric  liofhtiiiir.  At 
that  time  Menlo  Park  and  Mr.  Ellison's  laboratory  Avere  the  only 
places  to  study,  and  he  had  there  his  attention  directed  to  the 
difficulty  from  unsteadiness  in  tlie  motive  power.  It  was  tlie  ex- 
perience of  these  yeai-s  of  designing,  construction,  and  superin- 
tendency  ■which  developed  the  engine  which  was  identified  with 
his  name.  Its  mechanical  features  are  well  known  to  specialists. 
The  combination  of  governing  mechanism  and  self-oiling  system, 
perfected  about  1886,  resulted  in  the  '"Ideal"  engine,  the  name 
being  based  upon  its  designer's  own. 

He  became  a  member  of  the  Society  at  the  New  York  meeting 
in  188-1,  and  his  death,  the  result  of  peritonitis,  occurred  Septem- 
ber 30,  1897,  at  Chetek,  "Wis.,  to  which  he  had  gone  for  health 
and  rest. 

CHARLES  BENJAMIN  BRUSH. 

Mr.  Brush  was  born  February  15,  1848,  in  New  York  City. 
He  was  graduated  from  the  New  York  University  as  civil  engineer; 
his  first  professional  work  being  during  the  years  1867-69,  on  the 
Croton  Aqueduct.  In  this  last  year  he  commenced  an  independent 
practice  of  his  profession,  but  in  1871  was  made  Adjunct  Professor 
of  Eno-ineerinsr,  and  in  1888  full  Professor  and  Dean  of  the  School 
of  Engineering.  In  1884  the  firm  of  Spielman  &  Brush,  of  Ho- 
boken,  was  created,  and  he  devoted  his  time  largely  to  public  im- 
provement in  his  city  and  neighborhood.  He  had  been  concerned 
in  water  works  practice ;  was  engineer  for  the  contractor  of  the 
Washington  Bridge  over  the  Ilarlem,  associate  engineer  for  the 
proposed  New  York  and  New  Jersey  Bridge  over  the  Hudson  ; 
was  for  a  time  engineer  of  the  Hudson  River  Tunnel,  and  was 
concerned  with  much  of  sundry  work  in  Hudson  anil  Bergen 
counties.  He  also  built  the  TuUy  Pipe  Line  Works  at  Syracuse, 
and  was  either  chief,  consulting,  or  associate  engineer  in  many 
companies.  He  connected  himself  with  the  Society  in  1892,  and 
his  death,  June  3,  1897,  came,  after  a  period  of  ill  health  lasting 
for  ten  or  twelve  years,  from  kidney  and  lung  troubles.  His  re- 
tirement from  active  business  began  in  1894.  resulting  from  a  cold 
contracted  in  a  personal  inspection  of  the  big  eight-foot  sewer  of 
the  town  of  Union. 
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THOMAS  R.  MORGAN. 

Mr.  jMorgan  M^as  born  in  Penydarran,  Glamorganshire,  "Wales, 
March  31,  1834.  He  passed  awa}'  suddenly  of  heart  failure  at 
his  home  in  Alliance,  Ohio,  September  6,  1S97. 

He  beo-an  his  life  work  in  the  coal  mines  in  Wales  as  a  door 

o 

boy,  and  afterwards  as  mine  teamster,  his  fathor  being  one  of 
the  contractors  in  his  home  district.  At  ten  and  a  half  years 
a  serious  accident  befell  him,  whereby  he  lost  his  left  leg. 
After  earnest  schooling  in  the  best  schools  of  his  vicinity  he 
served  his  time  as  machinist  in  the  Pen3^darran  Iron  Works, 
and  afterwards  in  the  Dowlais  Iron  AYorks,  and  later  having 
charge  of  the  iron  works  at  Blaenavon,  Pontypool.  He  left 
an  excellent  position,  in  charge  of  extensive  machine  shops, 
to  come  to  America  in  1865,  arriving  on  the  ver}^  day  upon 
which  the  assassination  of  President  Lincoln  took  place.  He 
located  himself  first  in  the  shops  of  the  Lackawanna  &  Blooms- 
burg  P.P.,  and  later  in  the  works  of  the  Cambria  Iron  Company. 
Peraoving  to  Pittsburg,  he  became  Superintendent  of  the  Allegheny 
Shops,  the  Atlas  Works,  and  the  locomotive  works  of  Smith  & 
Porter.  After  remaining  for  several  3'ears  in  the  management  of 
these  works  he  engaged  in  business  for  himself,  beginning  in  1868. 
In  18T8  he  became  General  Superintendent  of  the  firm  of  Mor- 
gan, AVilliams  &  Co.,  of  Alliance,  Ohio,  which  later  became  the 
Morgan  Engineering  Companv,  of  which  he  was  President  to  the 
time  of  his  death.  When  he  began,  it  was  less  usual  to  construct 
massive  and  powerful  machinery  in  America,  and  the  early  repu- 
tation of  this  firm  was  built  upon  their  success  with  hammers, 
shears,  and  similar  Avork.  Mr.  Morgan  introduced  the  practice 
from  England  of  drivino-  travelling-  cranes  with  the  continuous 
square  shaft. 

WILLIAM  A.  ROGERS. 

Professor  William  A.  Rogers  was  born  at  Waterford,  Connecti- 
cut, November  13,  1832,  and  died  at  Waterville,  Maine,  March  1, 
1898.  His  boyhood  was  spent  for  the  most  part  in  the  interior  of 
New  York  State,  in  the  villages  of  DeRuyter  and  Alfred,  where 
he  received  his  preparation  for  college.  In  1853  he  entered  Brown 
University,  from  which  he  was  graduated  in  1857.  Before  gradu- 
ation he  had  already^  begun  his  career  as  a  teacher  in  a  classical 
academy,  and  immediately  after  taking  his  first  degree  he  was 
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appointed  tutor  in  the  academy  at  Alfred,  New  York,  from  which 
]ie  had  gone  forth  a  few  3'ears  previously  as  an  exceptionally  suc- 
cessful student.  In  18.59  he  was  advanced  to  the  Professorship  of 
Mathematics  and  Astronomy  in  Alfred  University,  an  institution 
under  the  care  of  the  Seventh  Day  Baptist  dem^mination,  of 
which  Professor  Rogers  was  an  ardent  member  throughout  his 
life.  This  position  he  held  eleven  years,  though  absent  part  of 
this  time  for  several  specilic  purposes.  Among  these  absences  one 
was  devoted  to  a  year  of  study  in  the  Harvard  College  Observa- 
tory ;  six  months  were  occupied  in  work  as  an  assistant  in  the 
same  place;  fourteen  uionths  were  given  to  service  in  the  navy 
during  the  Civil  War,  and  nearl}''  a  year  was  given  to  the  study 
of  mechanics  in  the  Sheffield  Scientific  School  at  New  Haven, 

In  1870  Professor  Tlogers  severed  his  connection  with  Alfred 
University  for  the  purpose  of  becoming  an  assistant  in  the  Astro- 
nomical Observatory  at  Harvard,  and,  in  1875,  he  was  here  made 
Assistant  Professor  of  Astronomy.  This  position  he  retained 
until  1886,  when  he  accepted  the  chair  of  Physics  and  xVstronomy 
at  Colby  University,  Waterville,  Maine.  Here  the  last  dozen 
years  of  his  life  were  spent ;  but  had  he  lived  a  month  longer  he 
would  have  resumed  his  connection  with  Alfred  University,  where 
a  new  physical  laboratory  is  now  in  process  of  erection.  The 
building  was  planned  by  him  in  1897,  and  on  the  occasion  of  the 
la3ing  of  the  corner-stone,  June  23,  1897,  Professor  Rogers  de- 
livered the  dedicatory  address.  His  resignation  had  already  been 
offered  to  the  trustees  of  Colby  University,  to  take  effect  April 
1,  1898. 

During  the  sixty-five  years  of  his  busy  life  the  most  distinguish- 
in"-  characteristics  of  Professor  Rogers,  as  a  student  and  teacher 
of  science,  were  his  indomitable  perseverance,  inilustry,  care,  pa- 
tience, and  accuracy.  Beginning  as  a  teacher  ol'  pure  mathematics^ 
he  passed  naturally  into  specialization  in  astronomy  and  its  allied 
neighbors,  mechanics  and  physics.  His  delight  was  minute 
measurement,  with  accuracy  to  the  last  decimal  place  that  patient 
industry  could  render  attainable.  He  sought  accuracy  not  merely 
for  the  securing  of  the  best  practical  results,  but  because  he  had  a 
veritable  passion  for  its  pursuit.  It  was  as  far  back  as  1880  that 
at  a  meetina:  of  a  scientific  bodv  he  gave  the  outcome  of  an 
elaborate  comparison  between  the  standard  French  meter  and  the 
imperial  yard,  the  uncertainty  being  in  the  value  of  the  digit 
occupying  the  place  of  ten-thousandths  of  an  inch.     Another  re- 
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suit  almost  identical  with  the  first  was  reported  in  1882  at  Mon- 
treal as  the  outcome  of  new  measui'cments,  the  meter  being 
equivalent  to  I59.87015  inches  under  standard  conditions.  Still 
another  was  given  a  3'ear  later  at  Minneapolis,  39.37027  inches. 
At  Philadelphia,  in  1884:,  he  announced  a  re-examination  of  his 
data,  with  the  expression  of  his  conviction  that  this  result  was  a 
little  too  high,  but  that  the  true  value  could  not  be  less  than  that 
given  at  Montreal.  At  Buffalo,  in  1886,  39.37020  inches  was 
o-iven  as  a  new  determination.  In  1893,  as  the  mean  of  eleven 
determinations,  he  gave  39.370155  inches.  This  may  be  taken  as 
a  final  value.  It  has  been  subjected  to  two  or  more  revisions  by 
him  since  1893,  but  with  no  appreciable  change  as  the  result.  All 
physical  measurements  are  necessaril}'^  only  approximate. 

The  scientific  papers  published  by  Professor  Rogers  are  about 
seventv  in  number.  The  first,  which  appeared  in  1869,  was  forty- 
five  pages  in  length,  and  related  to  the  determination  of  geo- 
graphical latitude  from  observations  in  the  prime  vertical.  He 
was  at  this  time  about  thirty-seven  years  of  age,  and  still  con- 
nected with  Alfred  Observatory,  where  the  facilities  for  research 
were  very  limited.  Under  his  direction  in  1865  Alfred  Observa- 
tory was  built  and  subsequently  equipped.  His  activity  as  a 
scientific  worker  was  much  stimulated  after  his  connection  with 
the  Harvard  Observatory  became  established.  During  the  sixteen 
3^ears  of  his  residence  in  Cambridge  he  published  forty  scientific 
papers,  most  of  which  related  to  practical  astronom}^  such  as  the 
determination  of  star  places,  the  calculations  of  ephemerides,  the 
study  of  the  errors  of  instruments,  the  construction  of  star  cata- 
logues from  all  known  data,  etc.  Included  in  such  work  as  this 
the  study  of  the  microscope  as  an  instrument  of  precision  was 
naturally  developed,  and  the  methods  of  securing  accurate  rulings 
for  micrometers  became  a  subject  for  the  application  of  industry. 
This  led  Professor  Rogers  into  the  study  of  physical  standards  of 
length  and  the  construction  of  ruling  machines,  regarding  which 
he  made  himself  a  generally  recognized  authority.  The  articles 
on  "  Measuring  Machines  "  and  "  Ruling  Machines  "  in  the  new 
edition  of  Johnson's  Cyclopedia  were  written  by  him. 

In  all  accurate  measurements  of  length  the  recognition  of  the 
temperature  at  which  they  are  made  is  a  matter  of  prime  im- 
portance, since  a  slight  variation  in  temperature  produces  a 
measurable  change  of  length.  The  recognition  of  this  fact  caused 
Professor  Rogers  to  enter  into  an  extended  study  of  the  limits  of 
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precision  in  thermometry,  of  radiation,  and  of  coefficients  of  ex- 
pansion. This  continued  to  be  his  chief  studv  diirino-  the  closins' 
years  of  his  life.  Nevertheless  he  kept  numerous  data  from  his 
work  at  Harvard,  and  published  a  number  of  astronomical  papers 
after  his  removal  to  Colby  University.  ITis  special  intei-est,  how- 
ever, had  been  gradually  transferred  to  tiie  domain  of  Piiysics. 
In  the  construction  of  micrometers  he  early  experienced  trouble 
on  account  of  the  scarcity  of  suitable  spider  webs,  and  this  caused 
him  to  undertake  the  etching  of  fine  lines  on  "-lass.  80  successful 
was  lie  in  this  that  a  large  number  of  his  plates  were  secured  by 
the  i-epresentatives  of  the  national  government  and  sent  out  for 
use  by  the  observers  on  the  occasion  of  the  transit  of  Venus. 
During  his  study  of  standards  of  length  he  visited  Europe,  ob- 
tained authorized  copies  of  the  English  and  French  standards, 
and  brought  tliese  home  with  him.  They  were  tlien  used  by  him 
as  the  bases  of  comparison  for  bars  which  he  constructed  and 
ruled,  and  these  are  now  the  chief  standards  in  a  number  of  the 
most  important  laboratories  in  America. 

Immediately  after  his  removal  to  Colby  University  Professor 
Rogers  undertook  the  study  of  thirty  mercurial  thermometers  of 
the  U.  S.  Signal  Service  pattern,  and,  by  comparison  with  these, 
he  secured  a  standard  for  the  measurement  of  very  low  tempera- 
tures. It  was  about  this  time  that  Michelson  and  Morley  devel- 
oped the  interferential  comparator,  and  began  their  investigation 
I'egarding  the  use  of  the  Avave-length  of  sodium  as  a  standard  of 
length.  Professor  Rogers  had  already  done  much  work  with 
comparators,  and  he  soon  became  associated  with  Professor  Mor- 
ley in  the  application  of  optical  methods  to  the  determination  of 
minute  changes  of  length.  After  proper  adjustment  of  apparatus 
the  measurement  of  almost  infinitesimal  expansion  or  contraction 
becomes  possible  by  merely  counting  the  number  of  interfei'ence 
fringes  of  monochromatic  light  which  pass  across  the  field  of 
view  in  a  given  period  of  time.  In  this  way  Professor  Rogers 
determined  the  coefficient  of  linear  expansion  of  Jessop  steel  with 
a  degree'  of  precision  never  before  attained.  Ilis  work  in  this 
connection  was  presented  at  the  Springfield  meeting  of  the 
Scientific  Association  in  1S95. 

In  his  address  last  summer  at  the  laying  of  the  corner-stone  of 
the  new  physical  laboratory  of  Alfred  University,  Professor 
Rogers  gave  a  summary  of  the  kind  of  work  Avhich  he  proposed 
to  undertake  personally  and  with   the  cooperation  of  his  more 
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advanced  students.  Prominent  among-  the  subjects  had  in  view 
were  the  study  of  the  law  of  expansion  of  metals  under  changes 
of  temperature,  the  standardization  of  measures  of  length,  the 
separate  measurement  of  the  effects  of  hot  air  and  of  the  heat 
conve\'ed  by  radiation,  the  energy  of  heat  radiations  as  deter- 
mined with  the  interferometer,  the  development  of  the  construc- 
tion of  precision  screws,  the  practical  development  of  methods  of 
precision  in  work-shop  operation,  the  investigation  of  the  relative 
cost  and  efficiency  of  small  sources  of  power,  of  the  economy  of 
various  methods  for  generation  of  X-rays.  This  is  an  excellent 
summary  of  the  work  to  which  he  had  been  devoting  his  energies 
for  some  years  past. 

In  acknowledgment  of  his  scientific  work  Professor  Rogers 
was  elected,  in  1ST3,  to  membership  in  the  American  Academy  of 
Arts  and  Sciences  at  Boston.  In  1S80  he  received  the  honorary 
degree  of  A.M.  from  Yale,  and  during  the  following  year  he  was 
made  an  Honorary  Fellow  of  the  Royal  Microscopical  Society.  In 
1SS6  he  received  the  honorary  degree  of  PH.D.  from  Alfred 
University,  on  the  occasion  of  the  semi-centennial  of  this  institu- 
tion, and  in  1892  Brown  University  conferred  the  degree  of 
LL.D.  In.  1895  he  was  elected  to  membership  in  the  National 
Academ}^  of  Sciences.  In  addition  to  these  recognitions  of  merit 
he  was  made  Vice-President  of  the  American  Microscopical  Soci- 
ety in  1884  and  President  in  1887 ;  Vice-President  for  Section  A 
of  the  Scientific  Association  in  1882  and  1883,  and  Vice-Presi- 
dent of  Section  B  in  1894.  The  subject  of  his  vice-presidential 
address  in  1883  was  "  The  German  Surve}^  of  the  JS'orthern 
Heavens"  ;  in  1894  it  was  "  Obscure  Heat  as  an  Agent  in  Produc- 
ing Expansion  of  Metals  under  Air  Contact." 

Professor  Rogers  connected  himself  with  the  Society  in  1884, 
after  the  completion  of  the  joint  work  done  by  himself  and  Mr. 
Geo.  M.  Bond,  which  resulted  in  the  Rogers-Bond  comparator,  at 
Hartford,  concerning  which  an  expert  committee  of  the  Society 
made  its  report,  published  at  page  21  of  Volume  IV.,  1883.  He 
contributed  also  upon  his  effort  to  solve  the  perfect  screw  problem, 
and  the  use  of  the  microscope  in  the  machine  shop. 

JOSEPH  C.  G.  COTTIER. 

Mr.  Cottier  was  born  May  29,  1874,  at  Jersey  City,  X.  J. 
After  an  earh^  school  education  in  his  native  town  and  prepara- 
tion in  France  he  entered  the  Stevens  Institute,  from  which  he  was 
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graduated  in  1804  with  the  degree  of  mechanical  engineer.  He 
distinguished  himself  as  a  student  in  the  field  of  mechanics.  After 
graduation  he  entered  business,  but  found  no'.vhere  the  opportuni- 
ties for  mathematical  study  which  were  his  ambition.  Accord- 
ingly, in  the  autumn  of  1S95  he  became  a  university  scholar  in 
pure  science  at  Columbia  LTuiversity,  in  the  field  of  mechanics  and 
mathematics,  taking  the  degree  of  Master  of  Arts  in  '06.  He 
was  nearly  ready  to  take  his  Ph.D.  and  had  been  reappointed  as 
Fellow  in  the  Department  of  Mechanics  when  his  woi'k  was  cut 
off  by  his  untimely  death  in  Paris,  August  17,  1897,  from  typhoid 
fever.  Two  important  papers  of  Mr.  Cottier's  may  be  mentioned. 
One  is  entitled  "The  Application  of  the  Equations  of  Hydrome- 
chanics to  the  Terrestrial  Atmosphere,"  and  the  other  is  entitled 
"  The  Application  of  Curvilinear  Coordinates  to  the  Equations  of 
H^'dromechanics." 

He  was  travelling  in  Europe  with  a  companion  upon  a  bicycle 
tour  through  the  North  of  France,  when  botli  were  overtaken  by 
the  fever,  under  which  both  lost  their  lives.  He  connected  him- 
self with  the  Society  as  a  Junior  Member,  at  the  Detroit  meeting 
in  June,  1805,  at  which  time  he  was  serving  as  draftsman  with 
the  East  Piver  Gas  Company. 

NORMAN  RUTHERFORD  WEAVER. 

Norman  Eutherford  Weaver  was  born  on  a  Southern  plantation 
in  Dallas  County,  Ala.,  March  11,  1869.  His  parents  moved  to 
Salem,  Ala.,  when  he  was  still  an  infant,  and  it  was  there  that  the 
•child  foreshadowed  the  man,  as  this  young  boy  turned  of  his  own 
volition  towards  mechanics.  He  set  up  a  telegraphic  connection 
Avith  a  school  friend,  and  at  twelve  years  had  mastered  simple 
telegraphy,  while  he  eagerly  delved  into  all  books  of  mechanical 
science  Avhich  fell  within  his  reach.  When  at  college  at  Auburn, 
Ala.,  he  made  a  small  steam  engine  that  for  several  years  after- 
wards was  exhibited  to  visitors.  At  this  early  age  he  set  his 
mind  on  inventions,  one  of  which  he  treasured  always  and  in- 
tended by  perfecting  it  to  revolutionize  steam  engineering  of 
modern  times.  At  Auburn  he  received  a  diploma  and  he  after- 
wards studied  at  Cornell.  Seeing  no  opening  for  his  chosen  pro- 
fession in  his  native  town,  ho  apprenticed  himself  to  the  Thomson- 
Houston  Co.  at  Lynn,  ]Mass.,  and  early  became  one  of  tiieir 
most  trusted  employees.     He  developed  a  faculty  for  speedily  re- 
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luibilitiiting-  riin-doAvn  plants  to  the  eminent  satisfaction  of  own- 
ei's.  It  was  in  this  capacity  that  he  went  to  Galveston,  where  he 
was  General  Manager  of  the  Electric  Street  H.  Ji.  Roanoke,  Va., 
Chambersburg,  Pa.,  Winnipeg,  Manitoba,  IMontgomerj^,  Ala.,  and 
Columbia,  Tenn,,  were  also  scenes  of  his  labors.  While  at  Chi- 
cago this  young  fellow,  just  in  his  twenties,  was  Superintendent 
of  General  Electric  Co.'s  shops,  AVestern  Division.  lie  had  been 
known  to  work  forty-eight  hours  without  rest,  in  order  to  over- 
come some  difficulty  in  a  previously  ill-managed  electric  plant, 
and  it  "was  such  unremitting  labor  and  conscientious  giving  of  his 
time  to  business  that  soon  began  to  prey  upon  his  health.  This 
devotion  to  his  profession  would  not  permit  the  halt  advised  four 
3'ears  ago  by  his  family  physician,  though  he  might  well  have 
complied,  as  he  was  a  man  of  means  and  the  son  of  a  wealthy 
father.  As  it  was,  he  had  planned  electric  work  in  Chicago  for 
the  3^ear  '98,  but  came  home  ill  in  August,  '97.  After  a  futile 
visit  to  Stafford  Spring,  Ala.,  he  returned  to  Selma,  dragged  out 
a  month  or  more  of  suffering  and  fading  hope;  then,  surrounded 
by  the  loving  care  of  relatives  and  friends,  he  passed  away  of 
Bright's  disease,  Tuesday,  October  5,  1897. 

Mr.  Weaver  joined  the  Society  at  the  Kew  York  meeting, 
December,  1895. 

EDGAR    HUBBARD    BOOTH. 

Edgar  Hubbard  Booth  Avas  born  at  Marysville,  Cal.,  Novem- 
ber 22,  1861.  After  being  prepared  at  the  San  Francisco  High 
School  for  the  University  of  California,  he  left  that  institution  in 
1879  to  become  an  apprentice  at  the  Union  Works,  at  which  he 
remained  as  machinist  and  draftsman  until  1883.  He  was  design- 
ing and  superintending  engineer  at  the  Union  Iron  Works,  Fulton 
Iron  Works,  and  the  Marysville  Foundry  and  Machine  Works, 
until  1891,  when  he  became  Mechanical  Engineer  with  the  Gen- 
eral Electric  Company  of  New  York.  His  attention  had  been 
directed  specialh^  to  the  problems  connected  with  gold  and  silver 
milling  and  mining  plants,  and  in  designing  and  installing  electric 
haulage  and  pumping  plants.  His  relations  as  Assistant  General 
Manager  of  the  mining  department  of  the  General  Electric  Com- 
pany brought  him  into  responsible  charge  of  African  installation  in 
1895  with  the  Gold  Fields  Co.,  Ltd.,  of  Johannesburg,  the  largest 
gold-mining  plant  in  the  world  ;  notably  among  these  a  1,000-horse- 
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power  electric  mining  and  pumping  plant  for  the  Robinson  Deep- 
Mine,  and  a  3,000-liorse-power  plant  for  the  Simmer  and  Jack 
Mine. 

He  connected  himself  with  the  Societ}^  in  June,  1894,  at  the 
Montreal  meeting,  and  died  October  24,  1897. 

GUST  AVE  JACQUES  MAILLEFERT. 

Gustave  Jacques  Mai  lief  ert  was  born  at  Royamont,  France, 
February  3,  1823,  and  died  at  New  Haven,  Conn.,  December 
9,   1S97. 

Mr.  Maillefert  was  educated  in  the  technical  schools  of  Paris, 
and,  after  serving  an  apprenticeship  in  a  machine  shop  in  that 
city,  was  connected  with  different  manufacturing  concerns  until 
1851,  when  he  came  to  the  United  States  to  assist  his  brotlicr, 
who  was  at  that  time  engaged  by  the  Government  in  an  attempt 
to  blast  a  channel  throuo^h  Hell  Gate.  Later  he  was  enii-aired  in 
erecting  a  government  lighthouse  at  New  Haven.  Upon  the 
completion  of  this  work  in  1853  he  entered  the  service  of  the 
New  York,  New  Haven  and  Hartford  Railroad  Company  at  their 
New  Haven  shops.  He  served  in  various  capacities  in  these  shops ; 
at  one  time  having  been  Superintendent  of  Erection.  At  the 
time  of  his  death  he  was  located  in  the  drafting  room.  He 
became  a  member  of  the  A.  S.  M.  E.  in  1887. 

In  1861  Mr.  Maillefert  enlisted  in  the  Second  Company,  Gover- 
nor's Foot  Guards  of  Connecticut,  with  the  expectation  of  seeing 
active  service  in  the  Civil  War,  but  the  services  of  this  company 
were  deemed  more  necessary  at  home.  He  retained  his  member- 
ship in  the  organization  for  many  3'ears. 

BURR    KELLOGG    FIELD. 

Burr  Kellogg  Field  was  born  at  Auburn,  Indiana,  on  the  5th 
day  of  May,  1850.  Soon  after  his  parents  moveil  to  Malden-ou- 
the-IIudson  in  New  York  State.  He  prepared  for  college  at  the 
St.  John's  Military  School  at  Sing  Sing,  N.  Y.,  and  entered  the 
Sheffield  Scientific  Scliool  of  ^'ale  University  in  the  fall  of  1874, 
graduating  with  the  class  of  1877. 

He  commenced  his  engineering  career,  after  graduating  from 
the  course  of  Civil  Engineering  at  Yale  University,  as  a  water- 
bov  to  a  section  gang  on  the  Baltimore  and  Oiiio  Railroad  at  the 
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iiuinificeiit  salary  of  three  dollars  ])er  week.  Every  engineer 
knows  the  struggle  for  existence  of  young  engineering  graduates 
during  the  period  of  ISTT,  IS 78,  and  1879,  and  Mr.  Field's  case 
Avas  no  different  except  that  circumstances  forced  him  to  provide 
for  the  support  of  his  aged  father  and  mother  and  younger 
brother  and  sister  out  of  his  scant  earnings. 

In  July,  1878,  he  entered  the  service  of  the  St.  Louis  &  San 
Francisco  Eailroad,  in  the  Department  of  Tracks,  Bridges,  and 
Buildings,  where  he  remained  until  September  10,  when  he  entered 
the  employ  of  the  Denver  ife  Rio  Grande  Eailroad  as  a  rodman  on 
the  Xew  Mexico  and  Colorado  Division.  After  leaving  the  Denver 
<fe  Rio  Grande  Railroad  he  was  engaged  as  a  rodman  on  the  con- 
struction of  the  Omaha  extension  of  the  old  Xorth  Missouri 
Railroad  until  August,  1879,  when  he  was  appointed  as  a  rodman 
on  the  "Wichita  extension  of  the  St.  Louis  tfe  San  Francisco  Rail- 
road, in  which  place  he  remained  until  the  spring  of  1880, 
occupving,  successively,  the  positions' of  rodman,  leveler  and  topog- 
raphei'. 

In  the  spring  of  1880,  Mr.  J.  F.  Hinckley,  now  Chief  Engineer 
of  the  Indianoma  Construction  Company,  was  detailed  b}^  the  St. 
Louis  tfc  San  Francisco  Railway  Company  to  make  surveys  from 
what  is  now  Monett,  Mo.,  to  Yan  Buren,  Ark.,  and  Mr.  Field  was 
eno-aged  by  him  as  topographer,  remaining  with  Mr.  Hinckley 
until  the  completion  of  the  preliminary  surveys.  Much  of  the 
countrv  traversed  was  Avikl  and  broken  in  the  extreme,  and  little 
or  nothing  was  known  about  it  previous  to  these  surveys.  Mr. 
Field  continued  as  topographer  on  location  under  Mr.  A.  P.  Mann, 
principal  Assistant  Engineer,  and.  later,  under  Mr.  M.  X.  Randall, 
Locatino-  Engineer.  The  work  covered  the  territoiy  between 
Fayetteville,  Ark.,  and  Van  Buren,  Ark.,  the  line  crossing  the 
Boston  Mountains  near  where  is  now  located  the  present  station  of 
Winslow.  Later  Mr.  Field  was  placed  as  engineer  in  charge  of 
masonry,  trestles,  and  bridging  on  the  line  between  AVinslow  and 
Yan  Buren.  The  masonry  and  bridging  on  this  portion  of  the 
line  are  important  in  character,  the  streams  crossed  being  rapid 
torrents  and  the  foundations  being  difficult  to  sink.  Lender  his 
direction  there  were  constructed  three  iron  trestles,  ranging  from 
400  to  700  feet  in  length  and  from  100  to  120  feet  in  height,  besides 
some  twenty  spans  of  Howe  truss  bridges  resting  on  masonry 
piers.  I^pon  the  completion  of  this  work,  in  the  summer  of  1881, 
Mr.  Field  joined  one  of  the  surveying  parties  under  the  charge  of 
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Mr.  II.  L.  Van  Sanclt,  to  complete  the  location  between  Van  Buren 
and  Fort  Smith  and  to  make  preliminary  surveys  through  the 
country  from  Fort  Smith  to  Paris,  Tex.  He  remained  in  this 
position  until  February-,  1882,  when  he  was  appointed  Assistant 
Engineer  on  the  Xorthern  Pacilic  llailroad. 

From  February,  1882,  to  November,  1883,  Mr.  Field  was  Assist- 
ant Engineer  on  the  Xorthern  Pacific  Railroad,  part  of  the  time  in 
charge  of  the  construction  of  the  Yellowstone  Division,  and  later 
in  charge  of  the  tracks  and  bridges  in  the  construction  of  the 
fifty-two  miles  of  the  National  Park  Branch,  connecting  the 
Yellowstone  Park  with  the  Northern  Pacific. 

On  January  17,  1884,  he  was  appointed  by  Mr.  John  1). 
Estabrook,  then  Chief  Highway  Commissioner  of  the  city  of  Phil- 
adelphia, to  the  important  position  of  Superintendent  of  Bridges 
in  the  Ilighwa}"  Department  of  the  city  of  Philadelphia.  Two 
3'ears  later,  in  1886,  Mr.  Field  accepted  an  appointment  as  Assist- 
ant Engineer  of  the  Berlin  Iron  Bridge  Company,  of  East  Berlin, 
Conn.  His  advancement  with  the  Berlin  Iron  Bridge  C^ompany 
was  very  rapid,  and  at  the  time  of  his  death,  January  13, 
1898,  he  occupied  the  important  position  of  Vice-President  of  the 
company. 

WILLIAM    ELLISON    STEARNS. 

Mr.  Stearns  was  born  in  Newark,  N.  J.,  March  2,  1857. 
During:  the  seven  years  from  1883  to  1890  he  was  with  the  Mis- 
souri  Vallev  Bridge  AVorks  at  Leavenworth,  Kansas,  and  from 
1890  to  1892  made  his  home  in  St.  Louis  as  "Western  Agent  for  the 
Berlin  Iron  Bridge  Company.  From  1S92  to  1895  he  represented 
this  same  compan}"  as  its  Civil  and  Mechanical  Engineer  in  Con- 
necticut and  at  Philadelphia.  It  was  during  this  time  that  he 
connected  himself  with  the  Society  at  its  Montreal  meeting,  1894, 
connectino:  himself  in  Januarv,  1895,  with  the  IVLirvland  Steel 
Company.  In  1896  his  health  began  to  fail,  and  after  many 
months  of  sojourn  in  the  South,  with  great  advantage,  an  attack 
of  pneumonia  in  January,  1898,  so* prostrated  him  that  he  was 
unable  to  recover.     He  passed  away  May  6,  1898. 

CHARLES   E.    EMERY. 

Charles  Edward  Emery,  Ph.D.,  was  born  at  Aurora,  N.  Y., 
March  28,  1838^  and  died  June  1,  1898.  He  was  educated  at  the 
Canandaio'ua  Academy  and  studied  mechanical  engineering  at  the 
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shops  of  the  various  manufactories  and  railroads  in  the  vicinity.  In? 
1858  he  started  patent  sohciting  and  later  in  the  year  studied  law, 
with  a  view  to  becoming  a  patent  lawyer,  but  in  1861  abandoned 
liis  studies  and  entered  the  ISTavy  as  Assistant  Engineer.  He  served 
throughout  the  war,  obtaining  promotion.  lie  was  ordered  to  New 
York  to  assist  in  conducting  United  States  experiments,  where  he 
served  until  1SG9,  wlien  he  retired,  and  opened  an  office  as  consulting 
engineer  and  patent  expert.  In  the  same  year  lie  was  appointed 
Consulting  Engineer  and  Chairman  of  the  Board  of  Examiners  of 
the  United  States  Coast  Survev  and  Revenue  Marine.  In  this 
capacity,  as  a  member  of  a  joint  board  of  engineers  representing 
the  Treasury  Department,  Charles  II.  Loring  representing  the 
Xavy.  he  conducted  an  extended  series  of  experiments  to  determine 
the  relative  value  of  compound  and  non-compound  engines,  the 
reports  of  which  were  extensively  published  in  scientific  literature 
in  this  country  and  abroad  and  were  the  only  reliable  data  extant. 
During  these  tests  he  was  also  conducting  a  series  of  experiments 
on  stationary  engines,  and  prepared  an  elaborate  circular,  subse- 
quently published  by  W.  P.  Trowbridge,  entitled  "Condensing and 
jSTon-Condensing  Engines."  Mr.  Emery  very  soon  thereafter 
received  the  honorary  degree  of  Doctor  of  Philosophy,  and  became 
the  Superintendent  of  the  American  Institute  Fair. 

In  1876  Dr.  Emery  was  appointed  one  of  the  judges  of  the 
Centennial  Exhibition,  at  Philadelphia,  on  Engines,  Pumps,  and 
Mechanical  Appliances,  and  associate  to  Committee  on  Musical 
Instruments,  Electrical,  and  other  Scientific  Apparatus. 

In  1879  the  Xew  York  Steam  Companv  appointed  him  chief 
engineer  and  manager,  and  under  his  direction  the  plants  of  the 
company,  involving  an  expenditure  of  over  S2.000,000,  were  con- 
structed and  successfully  operated.     He  resigned  in  1>«S7. 

During  this  period  he  conducted  many  private  investigations 
relating  to  the  isochronism  of  timepieces,  and  became  an  authority 
on  such  matters.  He  made  many  successful  experiments  in 
electricity  and  built  several  d}- namos  and  motors  that  operated  by 
direct  current  without  the  use  of  a  commutator.  He  also  became 
consulting  engineer  for  the  city  of  Fall  River,  and,  upon  his  re- 
port, a  novel  compromise  was  effected  between  the  city  and  the 
mills  whereby  the  mills  agreed  to  furnish  water  to  the  city  in 
consideration  of  the  abatement  of  taxes  on  water  power.  He 
was  also  retained  as  consultino:  enofineer  on  terminal  facilities  of 
the  Xew  York  and  Brooklyn  Bridge,  and  became  non-resident 
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Professor  of  Cornell  University,  where  be  lectured  until  the  time 
of  his  death. 

In  1S8S  Dr.  Emery  was  awarded  the  A\''att  Medal  and  Tilford 
Premium  by  the  British  Institution  of  Civil  Engineei-s,  for  an 
approved  paper. 

In  1891  he  resigned  from  the  U.  S.  Coast  Survey  and  Revenue 
Marine,  as  the  same  had  passed  into  tlie  Nav}^  Department.  While 
in  this  service  he  had  designed  and  superintended  the  construction 
of  the  engines  of  twenty  new  vessels,  and  had  improved  the 
engines  of  many  others. 

In  1893  Dr.  Emery  was  appointed  one  of  the  judges  of  the 
World's  Fair  at  Chicago,  on  dynamos  and  motors,  and  from  that 
time  on  devoted  himself  more  particularly  to  electricity  and  to 
water  condemnation  cases. 

He  was  a  member  of  the  commission  on  the  purchase  of  the 
Long  Island  Water  Suppl}''  Company  by  the  cit}-  of  Brooklyn, 
the  water  supply  of  the  city  of  Xewark  against  the  Mills,  the 
water  supply  of  the  city  of  Skaneateles  against  the  Mills,  the 
city  of  Lowell  water  suppl}'  cases,  and,  at  the  time  of  his  death, 
represented  the  Jersey  Central  in  the  matter  of  the  Bound  Brook 
floods,  the  city  of  Worcester  water  supply,  and  the  city  of  IIol- 
yoke  water-power  tax  cases. 

He  has  been  expert  in  innumerable  patent  cases  and  in  suits 
arising  from  damage  done  by  defective  apparatus.  He  has  also 
lectured  extensively  throughout  the  country  before  educational 
institutions;  has  contributed  largely  to  scientific  literature,  and  is 
well  known  throughout  the  scientitic  world. 

He  has  taken  out  many  and  valuable  patents  in  all  branches  of 
engineering,  and,  in  all,  has  sought  to  simplif}'  existing  mechanism 
and  to  render  mechanical  many  of  the  delicate  operations  ])er- 
formed  by  hand. 

Dr.  Emery  was  a  charter  member  of  the  American  Society  of 
Mechanical  Engineers,  of  the  Society  of  Civil  Engineers,  Institute 
of  Mining  Engineers,  Institute  of  Electrical  Engineers,  American 
Association  for  the  Advancement  of  Science,  and  the  British 
Institute  of  Civil  Engineers.  He  was  recently  elected  a  Fellow 
of 'the  Brooklyn  Institute. 

EDWIN    IIO^YAHD    BENNETT. 

Mr.  Bennett  was  born  in  Morrisania,  N.  Y.,  April  IG,   1845. 
After  the  ordinary  common-school  education  he  entered  the  em- 
C3 
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ploy  of  the  Atlantic  J)ock  Steam  ICngine  Works  of  South  Brook- 
lyn, in  ISOl.  In  ISGl  he  entered  the  Singer  Mfg.  Works  as 
assistant  to  his  father,  Thomas  Bennett,  and  after  ten  years  of  in- 
creasing responsibilities  became  Chief  Engineer  in  1873,  and  Assist- 
ant Superintendent  in  1S83.  Later  lie  was  elected  a  Director,  and 
finally  the  Treasurer  of  that  company.  Since  1879,  in  addition 
to  his  duties  with  the  Singer  Company,  he  was  personally  con- 
cerned with  the  construction  of  the  details  of  the  Babcook  & 
Wilcox  water-tube  boilers,  and  at  the  time  of  his  death  was  Presi- 
dent of  the  company.  He  was  also  one  of  the  incorporators  of 
the  Diehl  Mfg.  Co.  He  connected  himself  with  the  Society  at 
the  Cleveland  meeting  in  1883,  but  as  the  result  of  his  excessive 
assiduity  in  business  matters  he  was  compelled  to  lay  aside  the 
active  duties  of  liis  profession  in  189G,  and  failed  gradually  until 
his  death,  June  27,  1898. 

WILLIAM   HARVEY   INSLEE. 

Mr.  Inslee  was  born  in  Xewark,  X.  J.,  October  G,  1841.  Af- 
ter the  usual  common-school  preparation  he  became  apprenticed 
with  the  firm  of  Parker,  Snow,  Brooks  <k  Co.  at  Meriden,  Conn., 
and  later  became  machinist  with  the  Hewes  «fe  Phillips  Iron 
Works  of  ]S'ewark,  serving  them  as  foreman  one  year  and  as 
draftsman  for  seven  3^ears. 

In  1869  very  flattering  proposals  were  made  to  Mr.  Inslee  by 
the  Singer  Mfg.  Company  to  take  charge  of  the  Adjusting  Depart- 
ment, and  in  connection  with  this  work  many  improved  designs 
of  special  tools  were  originated  by  him,  and  the  department 
brought  up  to  a  standard  of  perfection  not  realizable  hitherto.  In 
1890  he  was  sent  to  Scotland  by  his  firm  to  devise  ways  and 
means  to  bring  up  the  Scotch  establishment  to  the  standard  which 
had  been  secured  at  Elizabethport,  and  by  his  careful  and  correct 
work  the  detail  was  so  systematized  that  it  became  possible  for 
Mr.  Inslee  to  be  entrusted  with  larger  responsibilities. 

He  was  therefore  made  Superintendent  and  General  Manager 
of  the  Kilbowie  Works  and  made  his  home  in  Glasgow,  Scotland, 
until  his  death,  July  21-,  1898,  in  that  city.  He  was  unable  to 
rally  from  a  relapse  following  an  attack  of  appendicitis. 

Mr.  Inslee  joined  the  Society  at  its  Atlantic  City  meeting  in 
May,  1895.  Among  his  inventions  are  the  Singer  single-thread 
machine  and  the  peculiar  shuttle  in  the  Singer  V.  S.  machine. 
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There  were  also  many  others  which  were  in  his  mind  at  the  time 
of  his  removal  to  Scotland,  which  were  never  completed  by  reason 
of  the  chano-e  in  his  work  which  followed  this  change  of  home. 


JOEL  SHARP. 


Mr.  Sharp  was  born  in  Mahoning  County,  Ohio,  February  22, 
1820.     His  father  had  emigrated  from  New  Jersey  in  1806. 

During  his  early  boyhood,  beginning  at  seven  years  of  age,  he 
earned  his  living   by  working  on  his  uncle's  farm,  getting  his 
schooling  during  the  seven  and  eight  winters  of  this  farm  life  and 
completing  it  with  one  year,  at  the  age  of  twenty,  in  the  Friend's 
School  at  Mount  Pleasant,  Ohio.     He  helped  his  brothers  in  va- 
rious mechanical  works,  raillwrighting  and  the  like,  and  was  for  a 
few  years  at  the  Cuyahoga  Furnace  and  Engine  AVorks  of  Cleve- 
land, previous  to  1850.     During  the  succeeding  twenty  years  he 
was  the  active  man  of  the  firm  of  Sharp,  Davis  &  Bonsall,  and 
acted  as  its  President,  until  the  Buckeye  Engine  Co.  was  created 
with  greater  facilities  to  carry  on  the  work  of  its  predecessors. 
He  continued  President  of  the  Buckeye  Engine  Co.,  and,  associated 
with  Mr.  J.  W.  Thompson,  they   developed  the  automatic  shaft 
governor  and  made  a  creditable  showing  at  the  Centennial  Expo- 
sition of  1870.     In  1885  his  labors  became  too  severe  in  connec- 
tion with  the  building  of  a  wire-nail  factory  in  his  town  of  Salem, 
of  which  he  was  also  President,  and  although  remaining  in  office 
he  was  compelled  to  resign  his  duties  with  the  Engine  Company. 
In  the  last  vears  of  his  life  faihng^  health  compelled  him  to  in- 
creasing effort  to  recuperate  his  strength,  but  the  loss  of  energy 
was  progressive,  and  he  finally  passed  away  July  28,  1898.     He 
had  celebrated  the  Golden  Anniversary  of  his  wedding,  four  years 
before.     He  connected  himself  with  the  Society  at  its  New  York 
meeting  in  1884. 

JOHN  J.  SCHOENLEBER. 

Mr.  Schoenleber  was  born  July  11,  isOO,  at  Pansom,  111.  He 
became  apprenticed  with  the  McDonald  Engine  6^  Boiler  Works 
at  Des  Moines,  Iowa,  in  1885,  after  serving  as  Locomotive  Foreman 
on  the  C.  B.  &  Q.  P.  P.  After  graduating  from  the  Iowa  State 
College  in  1889,  he  devoted  himself  to  electrical  engineermg  m 
conne°ction  with  the  department  of  railway  work  at  Chicago.    He 
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canio  to  St.  Paul  in  1S03,  and  shortly  afterwards  ostablislied  the 
Koitliwest  Engineering  (.'onipany,  contkjcting  an  increasing  busi- 
ness in  electrical  supplies  and  construction  work.  lie  passed  away 
after  a  very  brief  illness,  August  4,  189S.  His  membership  in 
the  Society  in  the  Junior  grade  dates  from  1893,  at  which  time 
he  was  connected  with  the  Schenectady  Electric  AVorks,  in  the 
Department  of  Railway  Motors. 

JOSEPH   C.  PL  ATT. 

Mr.  Joseph  C.  Piatt  was  born  January  9,  1845,  at  Fairhaven, 
Oonn.  lie  was  educated  in  the  public  schools  and  fitted  at 
Phillips  Academy,  Andov^er,  Mass.,  for  Rensselaer  Polytechnic 
Institute,  entering  that  institution  with  the  class  of  1866,  and 
graduating  with  his  class  with  the  degree  of  Civil  Engineer. 

Dm'ing  the  3'ears  1867-1868  he  was  employed  in  various  capaci- 
ties in  iron  works  at  Scranton,  Pa.,  and  in  1869  was  appointed 
an  assistant  engineer  on  the  Morris  and  Essex  Division  of  the 
Delaware,  Lackawanna  and  Western  RR.  During  the  four  years 
of  1870-1874  he  was  engaged  as  constructing  engineer  and  super- 
intendent of  blast  furnaces  for  the  Frankhn  Iron  Compan}',  and 
fi'om  1875  to  1889  was  president  of  the  Mohawk  &  Hudson  Manu- 
facturing Company,  of  AYaterford,  X,  Y.,  retiring  in  tlie  latter 
year  on  account  of  ill  health. 

During  the  last  years  of  Mr.  Piatt's  life  he  was  engaged  in  the 
practice  of  his  profession  as  a  consulting  engineer.  He  joined  the 
Society  at  the  Xew  York  meeting  of  1891,  and  died  at  his  home 
in  Waterford,  N.  Y.,  July  7,  1898. 

JOHX  C.  O'COXNELL. 

Mr.  O'Connell  was  born  October  12,  1837,  at  Mobile,  Ala.,  and 
Avas  educated  at  a  private  school,  making  a  special  study  of  archi- 
tecture. •  After  finishing  school  he  served  two  years'  apprentice- 
ship in  the  shop  of  I.  Gregg,  located  in  his  native  city.  At  the 
end  of  his  apprenticeship  he  accepted  the  position  of  third  assist- 
ant engineer  on  the  steamer  Colonel  Clat/,  remaining  in  that  posi- 
tion for  three  years,  successfully  passing  an  examination  for  second 
assistant  engineer,  and  serving  as  such  for  four  years  more,  when 
he  was  then  made  first  assistant.  Shortly  after  this  the  Civil 
War  breaking  out,  he  entered  the  Confederate  service  as  a  third 
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assistant  engineer  in  the  navy,  serving  as  same  tlironghont  the 
war.  For  a  time  he  Avas  acting  as  assistant  engineer  of  the  Con- 
federate ram  Tennessee,  serving  as  such  in  the  engagement  in 
Mobile  Bay.  After wai-ds  he  was  in  charge  of  the  ironchul 
steamer  Himtsville.  From  the  close  of  the  war  until  ISTO  ]\Ir. 
O'Connell  was  engaged  as  chief  engineer  on  lake,  bay,  and  river 
steamers,  with  some  sea  service.  Mr.  O'Connell  was  proprietor  of 
the  Montgomery  Compress  Company,  of  Montgomery,  Ala.,  being 
in  active  practice  up  to  the  time  of  his  death,  which  occurred  July 
12,  1898. 

He  connected  himself  with  the  American  Society  of  Mechanical 
Engineers  as  a  member  at  the  Philadelphia  meeting  in  1887. 
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A  PPENDIX. 

REPORT    OP   THE   NATIONAL    CONFERENCE    ON    STANDARD    ELEC* 
TRICAL  RULES,   12  WEST  31ST  STREET,  NEW  YORK.* 

GENEKAL   PLAN  GOVERNING   THE  ARRANGEMENT 

OF   RULES. 

Class   A. — Central    Stations,    Dynamo,    Motor    and    Storage 
Batter}?^  Rooms,  Transformer  Sub-Stations,  etc.     Rules  1  to  11. 

Class  B. — Outside  work,  all  systems  and  voltages.     Rules  12 
and  13. 

Class  C. — Inside  work.     Rules  14  to  39.     Subdivided  as  fol- 
lows : 

General  Rules,  applj^ing  to  all  systems  and  voltages.     Rules  14 
to  17. 

Constant  Current  s3^stems.     Rules  18  to  20. 
Constant  Potential  systems. 

All  voltages.     Rules  21  to  23. 
A^oltage  not  over  300.     Rules  24  to  31. 
Voltage  between  300  and  3,000.     Rules  32  to  37. 
Voltage  over  3,000.     Rules  38  and  39. 
Class  D. — Specifications   for   Wires   and  Fittings.      Rules  40 
to  55. 

Class  E. — Miscellaneous.     Rules  56  to  59. 
Class  F. — Marine  Wirino-.     Rules  60  to  72. 


*This  report  is  that  referred  to  at  page  33  of  tlie  current  volume  (xix.)  of 
the  Transactions,  as  reported  by  the  delegate  to  the  conference  (Mr.  C.  J.  H. 
Woodbury).  It  was  accepted,  and  the  use  of  its  provisions  recommended,  which 
is  the  usual  procedure  with  respect  to  similar  work  of  committees.  The  code 
was  ordered  printed  as  an  appendix  to  the  volume. 

President,  William  .J.  Hammer  ;  Secretary  and  Treasurer.  C.  J.  H.  Wood- 
bury ;  Committee  on  f'ode,  Prof.  Francis  B.  Crocker,  Chairman  ;  Frank  R.  Ford, 
Secretary  ;  William  Brophy,  E.  A.  Merrill,  Jr.,  E.  A.  Fitzgerald,  Alfred  Stone, 
E.  V.  French,  Wm.  J.  Hammer  (ex-oflBcio).  • 
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GE^'ERAL    SUGGESTIOXS. 

In  all  electric  work,  conductors,  however  well  insulated,  should 
always  be  treated  as  bare,  to  the  end  that  under  no  conditions, 
existing  or  likel}^  to  exist,  can  a  grounding  or  short  circuit  occur, 
and  so  that  all  leakage  from  conductor  to  conductor,  or  between 
conductor  and  ground,  may  be  reduced  to  the  minimum. 

In  all  wiring  special  attention  must  be  paid  to  the  mechanical 
execution  of  the  work.  Careful  and  neat  running,  connecting, 
soldering,  taping  of  conductors,  and  securing  and  attaching  of 
fittings,  are  specially  conducive  to  security  and  efficiency  and 
will  be  strongl}?^  insisted  on. 

In  laying  out  an  installation,  except  for  constant-current  S3's- 
tems,  the  work  should,  if  possible,  be  started  from  a  centre  of 
distribution,  and  the  switches  and  cut-outs,  controlling  and  con- 
nected with  the  several  branches,  be  grouped  together  in  a  safe 
and  easil}"  accessible  place,  where  the}^  can  be  readily  got  at  for 
attention  or  repairs.  The  load  should  be  divided  as  evenly  as 
possible  among  the  branches,  and  all  complicated  and  unnecessary 
wiring  avoided. 

The  use  of  wire- ways  for  rendering  concealed  wiring  ])erma- 
nently  accessible  is  most  heartily  indorsed  and  recommended; 
and  this  method  of  accessible  concealed  construction  is  advised 
for  general  use. 

Architects  are  urged,  when  drawing  plans  and  specilications,  to 
make  provision  for  the  channeling  and  pocketing  of  building-s 
for  electric  light  or  power  wires,  and  in  specifications  for  electric 
gas  lighting  to  require  a  two-wire  circuit,  whether  the  building  is 
to  be  wired  for  electric  lighting  or  not,  so  that  no  part  of  the  gas 
fixtures  or  gas  piping  be  allowed  to  be  used  for  the  gas-lighting 
circuit. 
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CLASS  A. 

STATIONS  AND  DYNAMO  ROOMS. 

includes  central  stations,  dynajvkj,  motor,  and  storage-battery 
rooms,  transformer  sub-stations,  etc. 

1.  Generators — 

a.  Must  be  located  in  a  dry  place. 

h.  Must  never  be  placed  in  a  room  where  any  hazardous 
process  is  carried  on,  nor  in  places  where  they  would  be  exposed 
to  inflammable  o-ases  or  flving-s  of  combustible  materials. 

c.  Must  be  insulated  on  floors  or  base  frames,  which  must  be 
kept  filled  to  prevent  absorption  of  moisture  and  also  kept 
clean  and  dry.  Where  frame  insulation  is  impracticable,  the  In- 
spection Department  having  jurisdiction  may,  in  writing,  permit 
its  omission,  in  which  case  the  frame  must  be  j^ermanently  and 
effectively  grounded, 

A  high-potential  machine  which,  on  account  of  great  weight  or  for  other  rea- 
sons, cannot  have  its  frame  insulated  from  the  ground,  should  be  surrounded 
with  an  insulated  platform.  This  may  be  made  of  wood,  mounted  on  insulating 
supports  and  so  arranged  that  a  man  must  always  stand  upon  it  in  order  to  touch 
any  part  of  the  machine. 

In  case  of  a  machine  having  an  insulated  frame,  if  there  is  trouble  from  static 
electricity  due  to  belt  friction,  it  should  be  overcome  by  placing  near  the  belt  a 
metallic  comb  connected  with  the  earth,  or  by  grounding  the  frame  through  a 
very  high  resistance  of  not  less  than  200  ohms  per  volt  generated  by  the  machine. 

d.  Every  constant  potential  generator  must  be  protected  from 
excessive  current  by  a  safety  fuse,  or  equivalent  device,  of  ap- 
proved design  in  each  lead  wire. 

These  devices  should  be  placed  on  the  machine  or  as  near  to  it  as  possible. 
Where  the  needs  of  the  service  make  these  devices  impracticable,  the  Inspec- 
tion Department  having  jurisdiction  may,  in  writing,  modify  the  requirements. 

e.  Must  each  be  provided  with  a  waterproof  cover. 

f.  Must  each  be  provided  with  a  name-plate,  giving  the  maker's 
name,  the  capacity  in  volts  and  amperes,  and  normal  speed  in 
revolutions  per  minute. 

2.  Conductors — 

From  generators  to  switchboards,  rheostats,  or  other  instru- 
ments, and  thence  to  outside  lines. 

a.  Must  be  in  plain  sight  or  readily  accessible. 
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/-•.  Must  have  an  approved  insulating-  covering  as  called  for  by 
rules  in  Class '•  C"  for  similar  work,  except  that  in  central  sta- 
tions, on  exposed  circuits,  the  wire  which  is  used  must  have  a 
heavy  braided  non-combustible  outer  covering. 

Bus  bars  may  be  made  of  bare  metal. 

c.  Must  be  kept  so  rigidly  in  place  that  they  cannot  come  in 
contact. 

(I.  Must  in  all  other  respects  be  installed  under  the  same  ])re- 
cautions  as  required  b\'  rules  in  Class  '"C"  for  wires  carrying  a 
current  of  the  same  volume  and  potential. 

3.  Switchboards — 

a.  Must  be  so  placed  as  to  reduce  to  a  minimum  the  danger  of 
communicating  fire  to  adjacent  combustible  material. 

Special  attention  is  called  to  the  fact  that  switchboards  should  not  be  built 
down  to  the  floor,  nor  up  to  the  ceiling,  but  a  space  of  at  least  ten  or  twelve 
inches  should  be  left  between  the  floor  and  the  board,  and  from  eighteen  to 
twenty-four  inches  between  the  ceiling  and  the  board,  in  order  to  prevent  fire 
from  communicating  from  the  switchboard  to  the  floor  or  ceiling  and  also  to  pre- 
vent the  forming  of  a  partially  concealed  space  very  liable  to  be  used  for  storage 
of  rubbish  and  oily  waste. 

h.  Must  be  made  of  non-combustible  material  or  of  hanlwood 
in  skeleton  form,  filled  to  prevent  absorption  of  moisture. 

c.  Must  be  accessible  from  all  sides  when  the  connections  are 
on  the  back,  but  may  be  placed  against  a  brick  or  stone  wall 
when  the  wiring  is  entirely  on  the  face. 

d.  Must  be  kept  free  from  moisture. 

e.  Bus  bars  must  be  equipped  in  accordance  with  the  rules  for 
placing  conductors. 

4.  Resistance  Boxes  and  Equalizers — 

{For  construction  rules,  see  No.  52.) 
a.  Must  be  placed  on  a  switchboard,  or,  if  not  thereon,  at  a  dis- 
tance of  a  foot  from  combustible  material,  or  separated  therefrom 
by  a  non-inflammable,  non-absorptive  insulating  material. 

5.  Lightning  Akresters — 

{For  construction  rules,  see  No.  55.) 
a.  Must  be  attached  to  each  side  of  every  overhead  circuit  con- 
nected with  the  station. 

It  is  recommended  to  all  electric  light  and  power  companies  that  arresters  be 
connected  at  intervals  over  systems  in  such  numbers  and  so  located  as  to  i)revent 
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ordinary  discharges  entering  the   buildings  over  the  wires  connected    to   the 
lines. 

h.  Must  be  located  in  I'eadily  accessible  places  away  from  com- 
bustible materials  and  as  near  as  practicable  to  the  point  where 
the  wires  enter  the  building. 

Station  arresters  should  generally  be  placed  in  plain  sight  on 
the  switchboard. 

In  all  cases,  kinks,  coils,  and  sharp  bends  in  the  wires  between 
the  arresters  and  the  out-door  lines  must  be  avoided  as  far  as 
possible. 

c.  Must  be  connected  with  a  thoroughly  good  and  permanent 
ground  connection  b\^  metallic  strips  or  wires  having  a  conduc- 
tivity not  less  than  that  of  a  J^o.  6  B.  &  S.  copper  wire  which 
must  be  run  as  nearly  in  a  straight  line  as  possible  from  the 
arresters  to  the  earth  connection. 

Ground  wires  for  lightning  arresters  must  not  be  attached  to 
gas  pipes  within  the  buildings. 

It  is  often  desirable  to  introduce  a  choke  coil  in  circuit  between  the  arresters 
and  the  dynamo.  In  no  case  should  the  ground  wire  from  a  lightning  arrester 
be  put  into  iron  pipes,  as  these  would  tend  to  impede  the  discharge. 

6.  Caee  and  Attendance — 

a.  A  competent  man  must  be  kept  on  duty  where  generators 
are  operating. 

h.  Oily  waste  must  be  kept  in  approved  metal  cans  and  removed 
daily. 

Approved  waste  cans  shall  be  made  of  metal,  with  legs  raising  can  three 
inches  from  the  floor  and  with  self-closing  covers. 

7.  Testing  of  Insulation  Eesistance — 

a.  All  circuits  must  be  provided  with  reliable  ground  detectors. 
Detectors  which  indicate  continuously  and  give  an  instant  and 
permanent  indication  of  a  ground  are  preferable.  Ground  wires 
from  detectors  must  not  be  attached  to  gas  pipes  within  the 
building. 

5.  Where  continuously  indicating  detectors  are  not  feasible,  the 
circuits  should  be  tested  at  least  once  per  day  and  preferably 
often  er. 

G.  Data  obtained  from  all  tests  must  be  preserved  for  examina- 
tion by  the  Inspection  Department  having  jurisdiction. 

These  rules  on  testing  to  be  applied  at  such  places  as  may  be  designated  by 
the  Inspection  Department  having  jurisdiction. 
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8.  Motors — 

a.  Must  be  insulated  on  floors  or  base  frames,  which  must  be 
kept  filled  to  prevent  absorption  of  moisture  and  must  be  kept 
clean  and  dry.  Where  frame  insulation  is  impracticable  the 
Inspection  Department  having  jurisdiction  may,  in  writing,  per- 
mit its  omission,  in  which  case  the  frame  must  be  permanentl}^ 
and  effectively  grounded. 

A  high-potential  machine  which,  on  account  of  great  weight  or  for  other 
reasons,  cannot  have  its  frame  insulated,  should  be  surrounded  with  an  insulated 
platform.  This  may  be  made  of  wood,  mounted  on  insulating  supports,  and  so 
arranged  that  a  man  must  stand  upon  it  in  order  to  touch  any  part  of  the 
machine. 

In  case  of  a  machine  having  an  insulated  frame,  if  there  is  trouble  from 
static  electricity  due  to  belt  friction,  it  should  be  overcome  by  placing  near  the 
belt  a  metallic  comb  connected  to  the  earth,  or  by  grounding  the  frame  through 
a  very  high  resistance  of  not  less  than  200  ohms  per  volt  generated  by  the 
machine. 

h.  Must  be  wired  under  the  same  precautions  as  required  by 
rules  in  Class  "  C,"  for  wires  carrying  a  current  of  the  same  vol- 
ume and  potential. 

Tlie  leads  or  branch  circuits  should  be  designed  to  carry  a  current  at  least 
fifty  per  cent,  greater  than  that  required  by  the  rated  capacity  of  the  motor,  to 
provide  for  the  inevitable  overloading  of  the  motor  at  times  without  over-f using 
the  wires. 

c.  The  motor  and  resistance  box  must  be  protected  by  a  cut- 
out and  controlled  by  a  switch  (see  No.  17a),  said  switch  plainly 
indicating  whether  "on'"  or  "off."  Where  one-quarter  horse- 
power or  less  is  used  on  low-tension  circuits  a  single-])ole  switch 
will  be  accepted.  The  switch  and  rheostat  must  be  located 
within  sight  of  the  motor,  except  in  such  cases  where  sj^ecial  per- 
mission to  locate  them  elsewhere  is  given,  in  writing,  by  the 
Inspection  Department  having  jurisdiction. 

d.  Must  have  their  rheostats  or  starting  boxes  located  so  as  to 
conform  to  the  requirements  of  Rule  4. 

In  connection  with  motors  the  use  of  circuit  breakers,  automatic  starting 
boxes  and  automatic  under-load  switches  is  recommended  and  they  must  be  used 
when  required. 

e.  Must  not  be  run  in  series-multiple  or  multiple-series. 

f.  Must  be  covered  with  a  waterproof  cover  when  not  in  use, 
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and,  if  deemed  necessary  by  the  Inspection  Department  having- 
jurisdiction,  must  be  inclosed  in  an  approved  case. 

From  the  nature  of  the  question  the  decision  as  to  what  is  an  approved  case 
must  be  h'ft  to  the  Inspection  Department  having  jurisdiction  to  determine  in 
each  instance. 

g.  Must,  when  combined  with  ceihng  fans,  be  hung  from 
insuhited  hooks,  or  else  there  must  be  an  insulator  interposed 
between  the  motor  and  its  support. 

//.  Must  each  be  provided  with  a  name-plate,  giving  the 
maker's  name,  the  capacity  in  volts  and  amperes,  and  the  normal 
speed  in  revolutions  per  minute. 

9.  Railway  Power  Plants — 

a.  Must  be  equipped  in  each  feed  wire  before  it  leaves  the 
station  with  an  aj>proved  automatic  circuit  breaker  (see  Xo.  44)  or 
other  device,  which  will  immediately  cut  off  the  current  in  case 
of  an  accident  ground.  This  device  must  be  mounted  on  a  fire- 
proof base,  and  in  full  view  and  reach  of  the  attendant, 

10.  Storage  or  Primary  Batteries — 

a.  "When  current  for  light  and  power  is  taken  from  primary 
or  secondary  batteries,  the  same  general  regulations  must  be 
observed  as  applied  to  similar  apparatus  fed  from  dynamo  gene- 
rators developing  the  same  difference  of  potential. 

h.  Storage-battery  rooms  must  be  thoroughly  ventilated. 

c.  Special  attention  is  directed  to  the  rules  for  rooms  where 
acid  fumes  exist.     (See  No.  24,  j.  and  A'.) 

d.  All  secondary  batteries  must  be  mounted  on  non-absorptive, 
non-combustible  insulators,  such  as  glass  or  thoroughly  vitrified 
and  glazed  porcelain. 

e.  The  use  of  any  metal  liable  to  corrosion  must  be  avoided 
in  connections  of  secondary  batteries. 

11.  Transformers—^ 

{For  construction  rules,  see  No.  54.) 

a.  In  central  or  sub-stations  the  transformers  must  be  so  placed 
that  smoke  from  the  burning  out  of  the  coils  or  the  boiling  over 
of  the  oil  (where  oil-filled  cases  are  used)  could  do  no  harm. 
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CLASS  B. 

OUTSIDE  AVOPtK. 

ALL  SYSTEMS  AND  VOLTAGES. 


12.    WiEES— 


a.  Service  wires  must  have  an  approved  rubber  insulating 
covering.  (See  No.  40  a.)  Line  wires,  other  than  services,  must 
have  an  approved  weatherproof  or  rubber  insulating  covering. 
(See  No.  40  a  and  &.)  All  tie  wires  must  have  an  insulation 
equal  to  that  of  the  conductors  they  confine. 

J).  Must  be  so  placed  that  moisture  cannot  form  a  cross  con- 
nection between  them,  not  less  than  a  foot  apart,  and  not  in  con- 
tact with  any  substance  other  than  their  insulating  supports. 
Service  blocks  must  be  covered  over  their  entire  surface  with  at 
least  two  coats  of  waterproof  paint. 

G.  Must  be  at  least  seven  feet  above  the  highest  point  of  flat 
roofs,  and  at  least  one  foot  above  the  ridge  of  pitched  roofs  over 
which  they  pass  or  to  which  they  are  attached. 

d.  Must  be  protected  by  dead  insulated  guard  iron  or  Avires 
from  possibility  of  contact  with  other  conducting  wires  or  sub- 
stances to  which  current  may  leak.  Special  precautions  of  this 
kind  must  be  taken  where  sharp  angles  occur,  or  where  any 
wires  might  possibly  come  in  contact  with  electric  liglit  or  power 
wires. 

e.  Must  be  })rovided  with  petticoat  insulators  of  glass  or  porce- 
lain. Porcelain  knobs  or  cleats  and  rubber  hooks  will  not  be  ap- 
proved. 

f.  Must  be  so  spliced  or  joined  as  to  be  both  mechanically  and 
electrically  secure  without  solder.  The  joints  must  then  be 
soldered,  to  insure  preservation,  and  covered  with  an  insulation 
equal  to  that  on  the  conductors. 

All  joints  must  be  soldered,  even  if  made  with  some  form  of  patent  splicinpr 
device.  This  ruling  applies  to  joints  and  splices  in  all  classes  of  wiring  covered 
by  these  rales. 

g.  Must,  where  they  enter  buildings,  have  drip  loops  outside, 
and  the  holes  through  which  the  conductors  pass  must  be  bushed 
with  non-combustible,  non-absorptive  insulating  tubes  slanting 
upward  toward  the  inside. 
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//.  Telegrapli,  telephone,  and  «iniihir  wires  must  not  be  placed 
on  the  same  cross-arm  with  electric  light  or  power  wires. 

/.  The  metallic  sheaths  to  cables  must  be  permanently  and 
effectively  connected  to  "  earth." 

TROLLEY    WIRES. 

j.  Must  not  be  smaller  than  No.  0  B.  ct  S.  copper  or  No.  4  B. 
<fe  S.  silicon  bronze,  and  must  readily  stand  the  strain  put  upon 
them  Avhen  in  use. 

Ti.  Must  have  a  double  insulation  from  the  ground.  In  wooden 
pole  construction  the  pole  will  be  considered  as  one  insulation. 

/.  Must  be  capable  of  being  disconnected  at  the  power  plant,  or 
of  being  divided  into  sections,  so  that,  in  case  of  fire  on  the  rail- 
way route,  the  current  may  be  shut  off  from  the  particular  sec- 
tion and  not  interfere  with  the  work  of  the  firemen.  This  rule 
also  applies  to  feeders. 

w.  Must  be  safely  protected  against  accidental  contact  where 
crossed  by  other  conductors. 

Guard  wires  should  be  insulated  from  tbe  ground  and  should  be  electrically 
disconnected  in  sections  of  not  more  than  300  feet  in  length. 

GROUXD    RETURN    V.'IRES. 

n.  For  the  diminution  of  electrolytic  corrosion  of  underground 
metal  work,  ground  return  wires  must  be  so  arranged  that  the 
difference  of  potential  between  the  grounded  dynamo  terminal 
and  an}^  point  on  the  return  circuit  will  not  exceed  twenty-five 
volts. 

It  is  suggested  that  the  positive  pole  of  the  dynamo  be  connected  to  the  trolley 
line,  and  whenever  pipes  or  other  underground  metal  work  are  found  to  be 
electrically  positive  to  the  rails  or  surrounding  earth,  that  they  be  connected  by 
conductors  arranged  so  as  to  prevent  as  far  as  possible  current  flow  from  the 
pipes  into  the  ground. 

13.  Transformers — 

{For  construction  rules,  see  No.  54.) 

a.  Must  not  be  placed  inside  of  any  building,  excepting  central 
stations,  unless  by  special  permission  of  the  Inspecting  Depart- 
ment having  jurisdiction. 

h.  Must  not  be  attached  to  the  outside  walls  of  buildings,  un- 
less separated  therefrom  b\'  substantial  supports. 
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CLASS  a 

IXSIDE  wor.K. 

ALL    SYSTEMS     AND    VOLTAGES. 

GENERAL  RULES— ALL  SYSTEMS  AND  VOLTAGES. 
14.  Wires— 

{For  special  rules,  see  Nos.  18,  24,  33,  38,  andd9.) 
a.  Must  not  be  of  smaller  size  than  No.  14  B.  tfe  S.,  except  as 
allowed  under  Rules  24  u  and  40  c. 

J.  Tie  wires  must  have  an  insulation  equal  to  that  of  the  con- 
ductors they  confine. 

c.  Must  be  so  spliced  or  joined  as  to  be  both  mechanically  and 
electrically  secure  without  solder.  They  must  then  be  soldered  to 
insure  preservation,  and  the  joint  covered  with  an  insulation  equal 
to  that  on  the  conductors. 

Stranded  wires  must  be  soldered  before  being  fastened  under 
clamps  or  binding  screws,  and,  when  they  have  a  conductivity 
greater  than  ISTo.  10  B.  &  S.  copper  wire,  they  must  be  soldered 
into  lugs. 

All  joints  must  be  soldered,  even  if  made  with  some  form  of  patent  splicing 
device.  This  ruling  applies  to  joints  and  splices  in  all  classes  of  wiring  covered 
by  these  rules. 

d.  Must  be  separated  from  contact  with  walls,  floors,  timbers,  or 
partitions  through  which  they  may  pass  by  non-combustible,  non- 
absorptive  insulating  tubes,  such  as  glass  or  porcelain. 

Bushings  must  be  long  enough  to  bush  the  entire  length  of  the  hole  in  one 
continuous  piece,  or  else  the  hole  must  first  be  bushed  by  a  continuous  water- 
proof tube,  which  may  be  a  conductor,  such  as  iron  pipe  ;  tLe  tube  theu  is  to 
have  a  non-conducting  bushing  pushed  in  at  each  end  so  as  to  keep  the  wire  abso- 
lutely out  of  contact  with  the  conducting  pipe. 

e.  ]\Iust  be  kept  free  from  contact  with  gas,  watei-,  or  other 
metallic  piping,  or  any  other  conductors  or  conducting  material 
which  they  may  cross,  by  some  continuous  and  firmly  fixed  non- 
conductor, creating  a  separation  of  at  least  one  inch.  Devi- 
ations from  this  rule  may  sometimes  be  allowed  by  special 
permission. 

/.  Must  be  so  placed  in  wet  places  that  an  air  space  will  be 
left  between  conductors  and  pipes  in  crossing,  and  the  former 
must  be  run  in  such  a   way  that  they  cannot  come  in  contact 
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with  tlie  pipe  accidentally.  Wires  should  be  run  over,  rather 
than  under,  pipes  upon  Avhich  moisture  is  likely  to  gather,  or  whicli, 
bv  leakin*::,  miuht  cause  trouble  on  a  circuit. 

15.  Underground  Conductors — 

a.  ]\[ust  be  protected,  when  brought  into  a  building,  against 
moisture  and  mechanical  injury,  and  all  combustible  material  must 
be  kept  removed  from  the  immediate  vicinity. 

h.  Must  not  be  so  arranged  as  to  shunt  the  current  through  a 
building  around  anv  catch-box. 

16.  Table  of  Carrying  Capacity  of  Wires — 

Below  is  a  table  showing  the  allow^able  carrying  capacity  of 
wires  containing  ninetv-eight  per  cent,  of  the  conductivit}'  of  pure 
copper,  which  must  be  followed  in  placing  interior  conductor : 


Table  A. 

Rubber  Covered  Wires. 

See  No.  40  a. 


Table  B. 

Waterproof  Wires. 

See  No.  40  b. 


B.  &  S.  G. 
18. 
16. 
14. 
12. 
10. 

8. 

G 

5. 

4. 

3. 

2. 

1. 

0. 

00. 

000. 

0000. 


Amperes. 
3... 


13. 

17 

24. 

33 

46. 

54 

65. 

76 

90 

107. 

127. 

150. 

177. 

210 

Circular  Mills. 

200,000 200. 

300.000 270 

400,000 330 

500,000 390. 

600.000 450. 

700.000 500. 

800,000 550 

900.000 600 

1.000,000 650 

1,100,000 690. 

1.200,000 730 

1.300.000 770. 

1.400,000 810 

1.500.000 850 

1,600.000 890 

1,700,000 930 

1.800.000 970 

1,900.000 1,010 

2,000.000 1,050. 


Amperes. 

5 

8 
.  16 
.  23 
.  32 
.  46 
.  65 
.  77 
.  92 
.  110 
.  131 
.  156 
.  185 
.  220 
.  262 
.  312 


300 
400 
500 
590 
680 
760 
840 
920 
,000 
,080 
,150 
,220 
,290 
.360 
,430 
.490 
,.550 
.610 
,670 
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Tlie  lower  limit  is  specified  for  rubber-covered  wires  to  prevent  gradual  dete- 
rioration of  the  bigli  insulations  by  the  heat  of  the  wires,  but  not  from  fear  of 
igniting  the  insulation.  The  question  of  drop  is  not  taken  into  consideration  in 
the  above  tables. 

The  carrying  capacity  of  sixteen  and  eighteen  wire  is  given,  but  no  smaller 
than  fourteen  is  to  be  used,  except  as  allowed  under  Rules  24  ii  and  40  c. 

IT.  Switches,  Cut-outs,  Circuit  Breakers,  Etc. — 
(For  construction  rules,  see  Nos.  43,  44,  and  45.) 

a.  Must,  whenever  called  foi',  unless  otherwise  provided  (for 
exceptions  see  Ko.  S  c  and  No.  22  c),  be  so  arranged  that  the  cut- 
outs will  protect,  and  the  opening  of  the  switch  or  circuit  breaker 
will  disconnect,  all  of  the  wires ;  that  is,  in  a  two-wire  svsteni  the 
two  wires,  and  in  a  three-wire  system  the  three  wires,  must  be 
protected  by  the  cut-out  and  disconnected  by  the  operation  of  the 
switch  or  circuit  breaker. 

h.  Must  not  be  placed  in  the  immediate  vicinity  of  easily  ignit- 
ible  stuff  or  where  exposed  to  inflammable  gases  or  dust  or  to  fly- 
ings of  combustible  material. 

c.  Must,  when  exposed  to  dampness,  either  be  inclosed  in  a 
waterproof  box  or  mounted  on  porcelain  knobs. 

CONSTANT-CURRENT     SYSTEMS. 

PRINCIPALLY     SERIES   ARC   LIGHTING. 

IS.  Wires— 

{See  also  Nos.  14,  15,  and  16.) 

a.  Must  have  an  ajyproved  rubber  insulating  covering.  (See 
No.  40  a.) 

h.  Must  be  arranged  to  enter  and  leave  the  building  through 
an  ajyproved  complete  cut-out  service  switch  (see  No.  43),  mounted 
in  a  non-combustible  case,  kept  free  from  moisture,  and  easy  of 
access  to  police  or  firemen.  So-called  "  snap  switches  ''  must  not 
be  used  on  high-potential  circuits. 

c.  Must  always  be  in  plain  sight,  and  never  incased,  except 
when  required  by  the  Inspection  Department  having  jurisdiction. 

d.  Must  be  supported  on  glass  or  ])orcelain  insulators,  whicii 
separate  the  wire  at  least  one  inch  from  the  surface  wired  over, 
and  must  be  kept  rigidly  at  least  eight  inches  from  each  other, 
except  within  the  structure  of  lamps,  on  li anger-boards,  in  cut- 
out boxes,  or  like  places,  where  a  less  distance  is  necessary. 

e.  Must  on  side  walls  be  protected  from  mechanical  injury  by  a 
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substantial  boxing,  retaining  an  air  space  of  one  inch  around  the 
conductors,  closed  at  the  top  (the  wires  passing  through  bushed 
holes),  and  extending  not  less  than  seven  feet  from  the  floor. 
"When  crossing  floor  timbers  in  cellars  or  in  rooms,  where  they 
might  be  exposed  to  injury,  wires  must  be  attached  by  their 
insulating  supports  to  the  under  side  of  a  wooden  strip  not  less 
than  one  half  an  inch  in  thickness  and  three  inches  wide. 

19.  Arc  Lamps — 

(For  construction  rules  see  No.  49.) 

a.  Must  be  carefully  isolated  from  inflammable  material. 

h.  Must  be  provided  at  all  times  with  a  glass  globe  surrounding 
the  arc,  securely  supported  upon  a  closed  base.  No  broken  or 
cracked  globes  to  be  used. 

c.  Must  be  provided  with  a  wire  netting  (having  a  mesh  not 
exceeding  one  and  one-quarter  inches)  around  the  globe,  and  an 
improved  spark  arrester  (see  jS"o.  50),  when  readily  inflammable 
material  is  in  the  vicinity  of  the  lamps,  to  prevent  escape  of 
sparks,  melted  copper  or  carbon.  It  is  recommended  that  plain 
carbons,  not  copper-plated,  be  used  for  lamps  in  such  places. 

Arc  lamps,  when  used  in  places  where  they  are  exposed  to  flyings  of  easily 
inflammable  material,  should  have  the  carbons  inclosed  completely  in  a  globe 
in  such  manner  as  to  avoid  the  necessity  for  spark  arresters. 

For  the  present,  globes  and  spark  arresters  will  not  be  required  on  so-called 
"inverted  arc"  lamps,  but  this  type  of  lamp  must  not  be  used  where  exposed  to 
flyings  of  easily  inflammable  materials. 

d.  Where  hanger-boards  (see  No.  48)  are  not  used,  lamps  must 
be  hung  from  insulating  supports  other  than  their  conductors. 

20.  Incandescent  Lamps  in  Series  Circuits — 

a.  Must  have  the  conductors  installed  as  provided  in  Rule  No. 
18,  and  each  lamp  must  be  provided  with  an  approved  automatic 
cut-out. 

h.  Must  have  each  lamp  suspended'  from  a  hanger-board  by 
means  of  rigid  tube. 

c.  No  electro-magnetic  device  for  switches  and  no  system  of 
multiple-series  or  series-multiple  lighting  will  be  approved. 

d.  Under  no  circumstances  can  they  be  attached  to  gas  fixtures. 
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CONSTANT-POTENTIAL   SYSTEMS. 

GENERAL   KCLE8— ALL   VOLTAGES. 

21.  Automatic  Cut-outs  {Fuses  and  Circuit  Breakers) — 

{See  No.  17,  and,  for  construction,  Nos.  44  and  45.) 

a.  Must  be  placed  on  all  service  wires,  either  overhead  or  under" 
ground,  as  near  as  possible  to  the  point  where  they  enter  the 
building  and  inside  the  walls,  and  be  arranged  to  cut  ofif  tiie  entire 
current  from  the  building. 

Where  tlie  switch  required  by  Rule  No.  23  is  inside  the  building,  the  cut-out 
required  by  this  section  must  be  placed  so  as  to  protect  it. 

J).  Must  be  placed  at  every  point  where  a  change  is  made  in  the 
size  of  wire,  unless  the  cut-out  in  the  larger  wire  will  protect  the 
smaller.     (See  No.  10. ) 

c.  Must  be  in  plain  sight,  or  inclosed  in  an  approved  box  (see 
Xo.  J:6),  and  readily  accessible.  They  must  not  be  placed  in  the 
canopies  or  shells  of  fixtures. 

d.  Must  be  so  placed  that  no  set  of  incandescent  lamps,  whether 
grouped  on  one  fixture  or  several  fixtures  or  pendants,  requiring 
a  current  of  more  than  six  amperes  shall  be  dependent  upon  one 
cut-out.  Special  permission  may  be  given  in  writing  by  the  In- 
spection Department  having  jurisdiction  for  departure  from  this 
rule  in  case  of  large  chandeliers. 

e.  Must  be  provided  with  fuses,  the  rated  capacity  of  which 
does  not  exceed  the  allowable  carr3nng  capacity  of  the  wire,  and, 
when  circuit  breakers  are  used,  they  must  not  be  set  more  than 
about  thirtv  per  cent,  above  the  allowable  cari-ying  capacity  of  the 
wire,  unless  a  fusible  cut-out  is  also  installed  in  circuit  (see  No.  16).. 

22.  Switches — 

{See  No.  17,  and.  for  construction,  NoAZ.) 

a.  Must  be  placed  on  all  service  Avires,  either  overhead  or  under- 
ground, in  a  readily  accessible  place,  as  near  as  possible  to  the 
point  where  the  wires  enter  the  building  and  arranged  to  cut  off 
the  entire  current. 

■  I.  Must  always  be  placed  in  dry,  accessible  places,  and  be 
grouped  as  far  as  possible.  Knife  switches  must  be  so  placed  that 
gravity  will  tend  to  open  rather  than  close  the  switch. 

c.  Must  not  be  single-pole,  except  when  the  circuits  which  they 
control  supph'  not  more  than  six  10  candle-power  lamps  or  their 
equivalent. 
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(I.  Where  gangs  of  flush  switches  are  used,  whether  with  con- 
<luit  systems  or  not,  the  switches  must  be  inclosed  in  boxes  con- 
structed of  or  hned  with  fire-resisting  matei'ial.  "Where  two  or 
more  switches  are  placed  under  one  plate,  the  box  must  have  a 
separate  compartment  for  each  switch.  Xo  push  buttons  for 
bells,  gas-lighting  circuits,  or  the  like  shall  be  placed  in  the  same 
wall  plate  \v\t\\  switches  controlling  electric  light  or  power 
wiring. 

23.  Electkic  Heaters — 

a.  Must,  if  stationar}',  be  placed  in  a  safe  situation,  isolated 
from  inflammable  materials,. and  be  treated  as  sources  of  heat. 

h.  Must  each  have  a  cut-out  and  indicating  switch  (see  JSTo. 
17  a). 

c.  Must  have  the  attachments  of  feed  wires  to  the  heaters  in 
plain  sight,  easily  accessible  and  protected  from  interference,  ac- 
cidental or  otherwise. 

d.  The  flexible  conductors  for  portable  apparatus,  such  as  irons, 
etc.,  must  have  an  apj)roved  insulating  covering  (see  No.  40  c,  3). 

e.  Must  each  be  provided  with  name  plate,  giving  the  maker's 
name  and  the  normal  capacity  in  volts  and  amperes. 

LOW-POTENTIAL   SYSTEMS. 
300   VOLTS   OR  LESS. 

Any  circuit  attached  to  any  machine,  or  combination  of  ma- 
chines, which  develops  a  difference  of  potential,  between  any  two 
wires,  of  over  ten  volts  and  less  than  300  volts,  shall  be  considered 
as  a  low-potential  circuit,  and  as  coming  under  that  class,  unless 
an  approved  transforming  device  is  used,  which  cuts  the  differ- 
ence of  potential  down  to  ten  volts  or  less.  The  primary  circuit 
not  to  exceed  a  potential  of  3,000  volts. 

24.  WlKES — 

GENERAL   RULES. 

{See  also  Nos.  14,  15,  and  16.) 

a.  Must  not  be  laid  in  plaster,  cement,  or  similar  finish. 

h.  Must  never  be  fastened  with  staples. 

c.  Must  not  be  fished  for  any  great  distance,  and  only  in  places 
where  the  inspector  can  satisfy  himself  that  the  rules  have  been 
complied  with. 
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d.  Twin  wires  must  never  be  used,  except  in  conduits,  or  where 
flexible  conductors  are  necessary. 

e.  Must  be  protected  on  side  walls  from  mechanical  injury. 
When  crossing  floor  timbers  in  cellars  or  in  rooms,  where  the}'' 
might  be  exposed  to  injury,  wires  must  be  attached  by  their  insu- 
lating supports  to  the  under  side  of  a  wooden  strip,  not  less  than 
one-half  inch  in  thickness,  and  not  less  than  three  inches  in 
width. 

Suitable  protection  on  side  walls  may  be  secured  by  a  substantial  boxing,  re- 
taining an  air  space  of  one  inch  around  the  conductor,  closed  at  the  top  (the 
wires  passing  through  bushed  holes),  and  extending  not  less  than  five  feet  from 
the  floor;  or  by  an  iron-armored  or  metal-sheathed  insulating  conduit  sufficiently 
strong  to  withstand  the  strain  it  will  be  subjected  to;  or  plain  metal  pipe,  lined 
with  insulating  tubing,  which  must  extend  one-half  inch  beyond  the  end  of  the 
metal  tube. 

The  pi[)e  must  extend  not  less  than  five  feet  above  the  floor,  and  may  extend 
through  tiie  floor  in  place  of  a  floor  bushing. 

If  iron  pipes  are  used  with  alternating  currents,  the  two  or  more  wires  of  a 
circuit  must  be  placed  in  the  same  conduit.  In  this  case  the  insulation  of  each 
wire  must  be  reinforced  by  a  tough  conduit  tubing  projecting  beyond  the  ends 
of  the  iron  pipe  at  least  two  inches.  ^ 

f.  When  run  immediately  under  roofs,  or  in  proximity  to  water 
tanks  or  pipes,  will  be  considered  as  exposed  to  moisture. 

SPECIAL   RULES. 

For  open  work : 

Li  dry  ])} aces. 

g.  Must  have  an  approved  rubber  or  weatherproof  insulation. 
(See  Xo.  40  a  and  h.) 

h.  Must  be  rigidly  supported  on  non-combustible,  non-absorp- 
tive insulators,  which  separate  the  wire  at  least  one-half  inch  from 
the  surface  wired  over,  and  they  must  be  kept  apart  at  least  two 
and  one-half  inches. 

Kigid  supporting  requires  under  ordinary  conditions,  where  wiring  along  flat 
.surfaces,  supports  at  least  every  four  and  one-half  feet.  If  the  wires  are  liable 
to  be  disturbed,  the  distance  between  supports  should  be  shortened.  lu  build- 
ings of  mill  construction,  mains  of  No.  8  B.  &  S.  wire  or  over,  where  not  liable 
to  be  disturbed,  may  be  separated  about  four  inches,  and  run  from  timber  to 
timber,  not  breaking  around,  and  may  be  supported  at  each  timber  only. 

This  rule  will  not  be  interpreted  to  forbid  the  placing  of  the  neutral  of  a 
three-wire  .system  in  the  center  of  a  three-wire  cleat,  provided  the  outside  wires 
are  separated  two  and  one-half  inches. 

In  damp  places,  such  as  Bi-eweries,  Packing  Houses,  Stables, 
Dye  Houses,  Paper  or  Pulp  Mills,  or  buildings  specially  subject 
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to  moisture  or  aciil  or  otliei'  t'mnes  liable  to  injure  the  wires  or 
their  insulation,  except  Avhere  used  for  pendants  : 

/.  Must  have  an  approved  rubber  insuhiting  covering  (see  No. 
40  a). 

j.  Must  be  rigidly  supported  on  non-combustible,  non-absorptive 
insulators,  which  separate  the  wire  at  least  one  inch  from  the  sur- 
face wired  over,  and  they  must  be  kept  apart  at  least  two  and 
one-half  inches. 

Rigid  supporting  requires  under  ordinary  conditions,  where  wiring  over  flat 
surfaces,  supports  at  least  every  four  and  one-half  feet.  If  the  wires  are 
liable  to  be  disturbed,  the  distance  between  supports  should  be  shortened.  In 
Imildings  of  mill  construction,  mains  of  Xo.  8  B.  and  S.  wire  or  over,  where  not 
liable  to  be  disturbed,  may  be  separated  about  four  inches  and  run  from  timber 
to  timber,  not  breaking  around,  and  may  be  supported  at  each  timber  only. 

k.  Must  have  no  joints  or  splices. 

For  moulding  work: 

I.  Must  have  approved  rubber  insulating  covering  (see  Xo.  40  a). 

in.  Must  never  be  placed  in  moulding  in  concealed  or  damp 
phu3es. 

For  conduit  work : 

n.  Must  have  an  ajjproved  rubber  insulating  covering  (see 
Xo.  40  e). 

The  use  of  concentric  wire  (see  Xo.  40  c)  is  recommended  in  preference  to  twin 
conductors. 

o.  Must  not  be  drawn  in  until  all  mechanical  work  on  the 
building  has  been,  as  far  as  possible,  completed. 

jj.  Must  not  have  wires  of  different  circuits  drawn  in  the  same 
conduit. 

q.  Must,  for  alternating  S3^stems,  have  the  two  or  more  wires 
of  a  circuit  drawn  in  the  same  conduit. 

It  is  advised  that  this  be  done  for  direct-current  systems  also,  so  that  they 
may  be  changed  to  alternating  systems  at  any  time:  induction  troubles  prevent- 
ing such  a  change  unless  this  construction  is  followed. 

For  so-called  concealed  work : 

r.  Must  have  an  apfproved  rubber  insulating  covering  (see 
Xo.  40  a). 

s.  Must  be  rigidly  supported  on  non-combustible,  non-absorp- 
tive insulators  which  separate  the  wire  at  least  one  inch  from  the 
surface  wired  over,  and  must  be  kept  at  least  ten  inches  apart, 
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and,  when  possible,  should  be  run  singly  on  separate  timbers  or 

studding. 

Rigid  supporting  requires  uuder  ordinary  conditions,  where  wiring  along  flat 
surfaces,  sui)i)Orts  at  least  every  four  and  one-half  feet.  If  the  wires  are  liable 
to  be  disturbed,  the  distance  between  supports  should  be  shortened. 

t.  AV hen  from  the  nature  of  the  case  it  is  impossible  to  place 
concealed  wiring  on  non-combustible  insulating  supports  of  glass 
or  porcelain,  the  wires,  if  not  exposed  to  moisture,  may  be  fished 
on  the  loop  system  if  incased  throughout  in  approved  continuous 
flexible  tubing  or  conduit.     (See  page  45.) 

For  fixture  Avork : 

u.  Must  have  an  approved  rubber  insulating  covering  (see  Xo. 
40  d\  and  shall  not  be  less  in  size  than  No.  IS  B.  &  S. 

-y.  Supply  conductors,  and  especially  the  splices  to  fixture  wires, 
must  be  kept  clear  of  the  grounded  jmrt  of  gas  pipes,  and  where 
shells  are  used,  the  latter  must  be  constructed  in  a  manner  afford- 
ing sufficient  area  to  allow  this  requirement. 

i/j.  Must,  Avhen  fixtures  are  wired  outside,  be  so  secured  as  not 
to  be  cut  or  abraded  by  the  pressure  of  the  fastenings  or  motion 
of  the  fixture. 

25.  Interior  Conduits — 

{Bee  also  Nos.  24  n  to  q,  and  41.) 

The  object  of  a  tube  or  conduit  is  to  facilitate  the  insertion  or  extraction  of 
the  conductors,  to  prevent  them  from  mechanical  injury,  and,  as  far  as  possible, 
from  moisture.  Tubes  or  conduits  are  to  be  considered  merely  as  raceways,  and 
are  not  to  be  relied  upon  for  insulation  between  wire  and  wire,  or  between  the 
wire  and  the  ground. 

a.  Must  be  continuous  from  one  junction  box  to  another  or  to 
fixtures  and  the  conduit  tube  must  properlv  enter  all  fittings. 

h.  Must  be  first  installed  as  a  complete  conduit  system,  without 
the  conductors. 

c.  Conduits  must  extend  at  least  one-half  inch  beyond  the  fin- 
ished surface  of  walls  or  ceilings,  except  that,  if  the  end  is 
threaded  and  a  coupling  screwed  on,  the  conduit  may  be  left  flush 
Avitli  the  surface,  and  the  coupling  may  be  removed  Avhen  work 
on  building  is  completed. 

d.  Must,  after  conductors  are  introduced,  have  all  outlets 
plugged  with  special  wood  or  fibrous  plugs,  made  in  parts,  and 
the  outlet  then  sealed  with  approved  compound.  Joints  must  be 
made  air-tight  and  moisture  proof. 
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e.  Must   luive    the   metal    of    the    conduit    permanently   and 
effectually  grounded. 


26.  Fixtures — 


{See  also  No,  24  «  to  %o.) 


a.  INlust,  when  supported  from  the  gas  ])ipingof  a  building,  be 
insulated  from  the  gas-pipe  s\'stem  by  means  of  approved  insulat- 
ing joints  (see  No.  51)  placed  as  close  as  possible  to  tiie  ceiling. 

It  is  recommended  that  the  jras  outlet  pipe  be  protected  above  the  insulating 
joint  by  a  non-combnstible,  non-absorptive  insulating  tube,  having  a  flange  at 
the  lower  end  where  it  comes  in  contact  with  the  insulating  joint,  and  that, 
where  outlet  tubes  are  used,  they  be  of  suflScient  length  to  extend  below  the 
insulating  joint,  and  that  they  be  so  secured  tbat  they  will  not  be  pushed  back 
when  the  canopy  is  put  in  place.  Where  iron  ceilings  are  used,  care  must  be 
taken  to  see  that  the  canopy  is  thoroughly  and  permanently  insulated  from  the 
ceiling. 

h.  Must  have  all  burs,  or  fins,  removed  before  the  conductors 
are  drawn  into  the  fixture. 

G.  The  tendency  to  condensation  within  the  pipes  should  be 
guarded  against  by  sealing  the  upper  end  of  the  fixture. 

d.  No  combination  fixture  in  which  the  conductors  are  con- 
cealed in  a  space  less  than  one-fourth  inch  between  the  inside  pipe 
and  the  outside  casing  will  be  approved. 

€.  Must  be  tested  for  "contacts"  between  conductors  and 
fixtures,  for  "  short  circuits "  and  for  ground  connections  before 
it  is  connected  to  its  supply  conductors. 

f.  Ceiling  block  fixtures  should  be  made  of  insulating  ma- 
terial ;  if  not,  the  wires  in  passing  through  the  plate  must  be 
surrounded  with  non-combustible,  non-absorptive  insulating  ma- 
terial, such  as  glass  or  porcelain, 

27.  Sockets — 

{For  construction  rules,  see  No.  47.) 

a.  In  rooms  where  inflammable  gases  may  exist  the  incandes- 
cent lamp  and  socket  must  be  inclosed  in  a  vapor-tight  globe, 
and  supported  on  a  pipe-hanger,  wired  ^vith  approved  rubber- 
covered  wire  (See  No.  40  a)  soldered  directly  to  the  circuit. 

h.  In  damp  or  wet  places,  or  over  specially  inflammable  stuff, 
waterproof  sockets  must  be  used. 

When  waterproof  sockets  are  used,  they  sliould  be  hung  by  separate  stranded 
rubber-covered  wires,  not  smaller  than  No.  14  B.  &  S.,  which  should  preferably 
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be  twisted  together  when  the  drop  is  over   three  feet.     These   wires  should  be 
soldered  direct  to  the  circuit  wires,  but  supported  independently  of  them. 

28.  Flexible  Cord— 

a.  Must  have  an  approved  insulation  and  covering.  (See  No. 
40c.) 

h.  Must  not  be  used  as  a  support  for  clusters. 

c.  Must  not  be  used  except  for  pendants,  wiring  of  fixtures  and 
portable  lamps  or  motors. 

d.  Must  not  be  used  in  show  windows. 

e.  Must  be  protected  by  insulated  bushings  where  the  cord 
enters  the  socket. 

f.  Must  be  so  suspended  that  the  entire  weight  of  the  socket 
and  lamp  will  be  borne  by  knots  under  the  bushing  in  the  socket, 
and  above  the  point  where  the  cord  comes  through  the  ceiling 
block  or  rosette,  in  order  that  the  strain  may  be  taken  from  the 
joints  and  binding  screws. 

29.  Arc  Lights  on  Low-Potential  Circuits — • 

a.  Must  have  a  cut-out  (see  No.  17  a)  for  each  lamp  or  each 
series  of  lamps. 

The  branch  conductors  should  have  a  carrying  capacity  about  fifty  per  cent,  in 
excess  of  the  normal  current  required  by  the  lamp,  to  provitle  for  heavy  current 
required  when  lamp  is  started  or  when  carbons  become  stuck  without  over-fusing 
the  wires. 

h.  Must  only  be  furnished  with  such  resistances  or  regulators 
as  are  enclosed  in  non-combustible  material;  such  resistances  being 
treated  as  sources  of  heat.  Incandescent  lamps  must  not  be  used 
for  resistance  devices. 

c.  Must  be  sup])lied  with  globes  and  protected  by  spark  an-esters 
and  wire  netting-  around  fflobe,  as  in  the  case  of  arc  lights  on  hifjh- 
potential  circuits.     (See  Nos.  19  and  50.) 

30.  Economy  Coils — 

a.  Economy  and  compensator  coils  for  arc  lamps  must  be 
mounted  on  non-combustible,  non-absorptive  insulating  supports, 
such  as  glass  or  porcelain,  allowing  an  air  space  of  at  least  one 
inch  between  frame  and  support,  and  in  general  to  be  treated  like 
sources  of  heat. 
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31.  Decorative  Series  Lamps — 

a.  Incandescent  lamps  run  in  series  shall  not  be  nsed  for 
decorative  purposes  inside  of  buildings,  except  by  special  per- 
mission in  writing  from  the  Insi)ectioii  Department  haviiig  juris- 
diction. 

HIGII-POTEXTIAL    SYSTEMS. 
300  TO  3.000  Volts. 

Any  circuit  attached  to  any  machine,  or  combination  of  ma- 
chines, which  develops  a  difference  of  potential,  between  any  two 
Avires,  of  over  300  volts  and  less  than  3,000  volts,  shall  be  con- 
sidered as  a  high-potential  circuit  and  as  coming  under  that 
class,  unless  an  approved  transforming  device  is  used,  which  cuts 
the  difference  of  potential  down  to  300  volts  on  less. 

32.  Wires— 

{See  also  Nos.  H,  15,  and  16.) 

a.  Must  have  an  approved  rubber  insulating  covering.  (See 
Ko.  40  «..) 

1).  Must  be  always  in  plain  sight  and  never  incased,  except 
where  required  by  the  Inspection  Department  having  jurisdiction. 

c.  Must  be  rigidly  supported  on  glass  or  porcelain  insulators, 
which  raise  the  wire  at  least  one  inch  from  the  surface  wired 
over,  and  must  be  kept  apart  at  least  four  inches  for  voltages  up 
to  750  and  at  least  eight  inches  for  voltages  over  750. 

Rigid  supportiug  requires  uuder  ordinary  conditions,  where  wiring  along  flat 
surfaces,  supports  at  least  about  every  four  and  one-lialf  feet. 

If  the  wires  are  unusually  liable  to  be  disturljed,  the  distance  between  supports 
should  be  shortened. 

.In  buildings  of  mill  construction,  mains  of  No.  8  B.  &  S.  wire  or  over,  where 
not  liable  to  be  disturbed,  may  be  separated  about  six  inches  for  voltages  up  to  750 
and  about  ten  inches  for  voltages  above  7o0  and  run  from  timber  to  timber,  not 
breaking  around,  and  may  be  supported  at  each  timber  only. 

d.  Must  be  protected  on  side  walls  from  mechanical  injury  by 
a  substantial  boxing,  retaining  an  air  space  of  one  inch  around 
the  conductors,  closed  at  the  top  (the  wires  passing  through 
bushed  holes}  and  extending  not  less  than  seven  feet  from  the 
floor.  "When  crossing  floor  timbers,  in  cellars  or  in  rooms  where 
they  might  be  exposed  to  injury,  wires  must  be  attached  by  their 
insulating  supports  to  the  under  side  of  a  wooden  strip  not  less 
than  one-half  an  inch  in  thickness. 
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33.  Transformers  (when  permitted  inside  buildings ;  see  No.  13)— 
{For  constrvction  rules,  see  No.  54.) 

a.  Must  be  located  at  a  point  as  near  as  possible  to  that  at  which 
the  primary  wires  enter  the  building. 

h.  Must  be  placed  in  an  enclosure  constructed  of  or  lined  with 
fire-resisting  material  ;  the  inclosure  to  be  used  only  for  this  pur- 
pose and  to  be  kept  securely  locked  and  access  to  the  same 
allowed  only  to  responsible  persons. 

c.  Must  be  effectually  insulated  from  the  ground  and  the  in- 
olosure  in  which  they  are  placed  must  be  practically  air-tight,  ex- 
cept that  it  shall  be  thoroughly  ventilated  to  the  outdoor  air,  if 
possible,  through  a  chimney  or  flue.  There  should  be  at  least  six 
inches  air  space  on  all  sides  of  the  transformer. 

3 Jr.  Car  Wiring — 

a.  Must  be  always  run  out  of  reach  of  the  passengers,  and 
must  have  an  ap]woved  rubber  insulating  covering.   (See  Ko.  40  a.) 

35.  Car  Houses — 

a.  Must  have  the  trolley  wires  securely  supported  on  insulating 
hangers. 

1>.  Must  have  the  trolley  hangers  placed  at  such  a  distance 
apart  that,  in  case  of  a  break  in  the  trolley  wire,  contact  cannot 
be  made  with  the  floor. 

c.  Must  have  cut-out  switch  located  at  a  proper  place  outside  of 
the  building,  so  that  all  trolley  circuits  in  the  building  can  be  cut 
out  at  one  point,  and  line  circuit  breakers  must  be  installed,  so 
that  when  this  cut-out  switch  is  open  the  trolley  wire  will  be  dead 
at  all  points  within  100  feet  of  the  building.  The  current  must 
be  cut  out  of  the  building  whenever  the  same  is  not  in  use  or  the 
road  not  in  operation. 

il.  Must  have  all  lamps  and  stationary  motors  installed  in  such 
a  wav  that  one  main  switch  can  control  the  whole  of  each  in- 
stallation— lighting  or  power — independently  of  main  feeder 
switch.  No  portable  incandescent  lamps  or  twin  Avire  allowed, 
except  that  ])ortable  incandescent  lamps  may  be  used  in  the  pits, 
connections  to  be  made  by  two  ajyproved  rubber-covered  flexible 
wires  (see  No.  40  a),  properly  protected  against  mechanical  in- 
jury ;  the  circuit  to  be  controlled  by  a  switch  placed  outside  of 
the  pit. 
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e.  Must  have  all  wiring  and  apparatus  installed  in  accordance 
with  rules  under  '*  Class  C  "  for  constant-potential  systems. 

f.  Must  not  have  any  system  of  feeder  distribution  centring  in 
the  building. 

y.  Must  have  the  rails  bonded  at  each  joint  with  not  less  than 
!No.  2  B.  &  S.  annealed  copper  wire ;  also  a  supplementary  wire 
to  be  run  for  each  track. 

h.  Must  not  have  cars  left  with  trolley  in  electrical  connectioa 
with  the  trolley  wire. 

30.  Lighting  and  Power  from  Railway  Wires — ■ 

a.  Must  not  be  permitted,  under  any  pretense,  in  the  same  cir- 
cuit with  trolley  wires  with  a  ground  return,  except  in  electric 
railway  cars,  electric  car  houses  and  their  power  stations,  nor 
shall  the  same  dynamo  be  used  for  both  purposes, 

37.  Series  Lamps — 

a.  Ko  system  of  multiple-series  or  series-multiple  for  light  or 
power  will  be  approved. 

h.  Under  no  circumstances  can  lamps  be  attached  to  gas  fix- 
tures. 

EXTRA  HIGH-POTENTIAL  SYSTEMS. 
OVETR  3,000  Volts.    • 

Any  circuit  attached  to  any  machine  or  combination  of  ma- 
chines, which  develops  a  difference  of  potential,  between  any  two 
wires,  of  over  3,000  volts,  shall  be  considered  as  an  extra  high- 
potential  circuit,  and  as  coming  under  that  class,  unless  an  ap- 
proved transforming  device  is  used  which  cuts  the  difference  of 
potential  down  to  3,000  volts  or  less. 

38.  Primary  Wires — 

Must  not  be  brought  into  or  over  buildings,  except  power  and 
sub-stations. 

89.  Secondary  Wires — 

a.  Must  be  installed  under  rules  for  high-potential  systems,  when 
their  immediate  primary  wires  carry  a  current  at  a  potential  of  over 
3,000  volts. 

The  high  line  insulation  required  for  extra  high-potential  current  tends  to 
make  the  insulation  resistance   between  primary  and  secondary  coils  of  trans- 
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formers  a  comparatively  weak  point,  and  lightning  discharges  would  be  apt  to 
take  this  path  to  the  earth.  With  tlie  present  means  of  protection  against  tians- 
former  breakdowns  and  the  consequent  liability  of  secondary  wiring  l)eing  sub- 
jected to  the  strain  of  the  primary  current,  it  is  not  deemed  advisable  to  permit  a 
primary  current  with  a  potential  of  over  8,000  volts  without  an  intermediate  step- 
down  transformer.  The  presence  of  wires  carrying  a  current  at  a  potential  of 
over  3,000  volts  in  'he  streets  of  cities  and  towns  is  also  considered  as  increasing 
the  fire  hazard. 

CLASS  D. 

FITTINGS,  MATERIALS,  AND  DETAILS  OF  CONSTEUC- 

TIOK 

all  systems  and  voltages. 

40.  Wire  Insulation — 

a.  Rubber  Covered. — The  insulating  covering  must  be  solid,  at 
least  three-sixty-fourths  of  an  inch  in  thickness  and  covered  with 
a  substantial  braid.  It  must  not  readily  carry  fire,  must  show  an 
insulating  resistance  of  one  megohm  per  mile  after  two  weeks' 
submersion  in  water  at  seventy  degrees  Falirenheit  and  three 
day's  submersion  in  lime  water,  and  after  three  minutes'  electri- 
fication with  550  volts.     (See  page  44.) 

h.  Weatherproof. — The  insulating  covering  must  not  support 
combustion,  must  resist  abrasion,  must  be  at  least  one-sixteenth 
of  an  inch  in  thickness,  and  thoroughly  impregnated  with  a  moist- 
ure re])ellent. 

c.  Flexible  Cord.—lslx\'s>i  be  made  of  two  stranded  conductors, 
each  having  a  carrying  capacity  equivalent  to  not  less  than  a  No. 
16  B.  &  S.  wire,  and  each  covered  b}^  an  approved  insulation, 
and  protected  by   a  slow-burning,  tough-braided  outer  covering. 

1.  Insulation  for  pendants  under  this  rule  must  be  moisture  and 
flame  proof. 

2.  Insulation  for  cords  used  for  all  other  purposes^  including 
portable  lamps  and  motors,  must  be  solid,  at  least  one-thirty-second 
of  an  inch  in  thickness,  and  must  show^  an  insulation  resistance  be- 
tween conductors  and  between  either  conductor  and  the  ground 
of  at  the  least  one  meghom  per  mile  after  one  week's  suhmersion 
in  water  at  seventy  degrees  Farenheit,  and  after  three  minutes' 
electrification,  with  550  volts. 

3.  The  flexible  conductors  for  portaUe  heating  apparatus,  such 
as  irons,  etc.,  must  have  an  insulation  that  will  not  be  injured  by 
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lieat,  such  as  asbestos,  wliicli  must  be  protected  from  mecbanical 
iiijiirv  by  an  outer,  substantial,  braided  covering,  and  so  arranged 
tliat  mechanical  strain  will  not  be  borne  by  the  electrical  con- 
nection. 

d.  Fixtu7'e  Wire. — Must  have  a  solid  insulation,  with  a  slow- 
burning,  tough,  outer  covering,  the  whole  to  be  at  least  one- 
thirtv-second  of  an  inch  in  thickness  and  to  show  an  insulation  re- 
sistance between  conductors  and  between  either  conductor  and 
the  o-round  of  at  least  one  megohm  per  mile  after  one  week's 
submersion  in  water  at  seventy  degrees  Fahrenheit,  and  after 
three  minutes'  electrification  with  550  volts. 

e.  Cojuluit  Wire. — Must  comply  with  the  following  specifica- 
tions : 

1.  For  lined  metal  conduits  single  wires  and  twin  conductors 
must  comply  with  section  («)  of  this  rule. 

Concentric  wire  must  have  a  braided  covering  between  the 
outer  conductor  and  the  insulation  of  the  inner  conductor,  and,  in 
addition,  must  comply  with  section  {a}  of  this  rule. 

2.  For  unlined  metal  conduits  single  wires  and  t^vin  conductors 
must  comply  with  section  (a)  of  this  rule,  and,  in  addition,  have  a 
second  outer  fibrous  covering,  at  least  one-thirty-second  of  an  inch 
in  thickness  and  sufficiently  tenacious  to  withstand  the  abrasion 
of  being  hauled  througli  the  metal  conduit. 

Concentric  conductors  must  have  a  braided  covering  between  the 
outer  conductor  and  the  insulation  of  the  inner  conductor,  and 
comply  with  section  {a)  of  this  rule,  and,  in  addition,  must  have 
a  second  outer  fibrous  covering  at  least  one-thirty-second  of  an 
inch  in  thickness  and  sufficiently  tenacious  to  withstand  the 
abrasion  of  being  hauled  througli  the  metal  conduit. 

41.  Interior  Coxduits — 

{For  iririug  rules,  see  Nos.  24  and  25.) 

a.  Each  length  of  conduit,  whether  insulated  or  uninsulated, 
must  have  the  maker's  name  or  initials  stamped  in  the  metal  or 
attached  thereto  in  a  satisfactory  manner,  so  that  the  inspectors 
can  readily  see  the  same. 

LiXED  Metal  Conduits. 

h.  The  metal  covering,  or  ])ipe,  must  be  at  least  equal  in  thick- 
ness or  of  equal  strength  to  resist  penetration  by  nails,  etc.,  as  the 
ordinary  commercial  form  of  gas  pipe  of  same  size. 

c.  Must  not  be  seriously  affected  externally   by  burning  out  a 
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wire  inside  the  tube  when  the  iron  pipe  is  connected  to  one  side 

of  the  circuit.  ,  ^    ^i 

d  Must  have  the  insuhiting  lining  firmly  secured  to  the  pipe 
e  The  insulating  line  must  not  crack  or  break  wiien  a  lengtli  ot 
the  conduit  is  uniformly  bent  at  temperature  of  212  degrees  \  ahren- 
heit  to  an  angle  of  ninety  degrees,  with  a  curve  having  a  radms 
of  fifteen  inches,  for  pipes  of  one  inch  and  less,  and  iilleen  times 
the  diameter  of  the  pipe  for  larger  pipes. 

/.  The  insulating  lining  must  not  soften  injuriously  at  a  tem- 
perature below  212  degrees  Fahrenheit  and  must  leave  water  in 
which  it  is  boiled  practically  neutral. 

a  The  insulating  lining  must  be  at  least  one-thirty-seconc  of  an 
inch  in  thickness,  and  the  materials  of  which  it  is  composed  must 
be  of  such  a  nature  as  will  not  have  a  deteriorating  effect  on  the 
iusulationof  the  conductor  and  be  sufficiently  tough  and  tenacious 
to  withstand  the  abrasion  test  of  drawing  in  and  out  of  same  long 

lengths  of  conductors.  ,      .    n  i      ff^,. 

h  The  insulating  lining  must  not  be  mechanically  weak  attei 
three  davs'  submersion  in  water,  and,  when  removed  from  the  pipe 
entire,  must  not  absorb  more  than  ten  per  cent,  ot  its  weight  ot 
water  during  100  hours  of  submersion. 

,•  AH  elbows  must  be  made  for  the  purpose,  and  not  bent  trom 
lengths  of  pipe.  The  radius  of  the  curve  of  the  inner  edge  of  any 
elbow  not  to  be  less  than  three  and  one-half  inches  ^[ust  have 
not  more  than  the  equivalent  of  four  quarter  bends  from  outlet  to 
outlet ;  the  bends  at  the  outlets  not  being  counted. 

Unlinkd  Metal  Conduits. 
,•  Plain  iron  or  steel  pipes  of  equal  thickness,  or  of  equal 
strength,  to  resist  penetration  of  nails,  etc.,  as  the  ordinary  com- 
niercual  form  of  gas  pipe  of  the  same  size,  may  be  used  as  conduits, 
provided  their  interior  surfaces  are  smooth  and  free  from  burs; 
pipe  to  be  galvanized,  or  the  interior  surfaces  coated  or  ename  ed 
to  prevent  oxidization  with  some  substance  which  will  no  soften 
so  as  to  become  sticky  and  prevent  wire  from  bemg  withdrawn 

from  the  pipe.  „ 

I-  All  elbows  must  be  made  for  the  purpose,  and  not  bent  fn.m 
lenoths  of  pipe.  The  radius  of  the  curve  of  the  inner  edge  of  any 
elbSw  not  to  be  less  than  three  and  one-half  inches  ^I««t  ^mve 
not  more  than  the  equivalent  of  four  quarter  bends  from  outlet  to 
outlet ;  the  bends  at  the  outlets  not  being  counted. 
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42.  "Wooden  ]\Iouldings. — 

(For  wiring  rules,  see  iVo.  24.) 

a.  Must  liave,  both  outside  and  inside,  at  least  two  coats  of 
waterproof  ])aint,  or  be  impregnated  witii  a  moisture  repellent. 

h.  ]\[ust  be  made  of  two  pieces,  a  l)acking  and  capping  so  con- 
structed as  to  thoroughly  incase  the  wire,  and  provide  a  one-half- 
inch  tongue  between  the  conductors,  and  a  solid  backing,  which, 
under  grooves,  shall  not  be  less  tlian  throe-eio-hths  of  an  inch  in 
thickness  and  must  afford  suitable  protection  from  abrasion. 

It  is  recommended  that  only  hardwood  moulding  be  used. 

43.  Switches — 

{See  Nos.  11  and  33.) 

a.  Must  be  mounted  on  non-combustible,  non-absorptive  insulat- 
ing bases,  such  as  slate  or  porcelain. 

h.  Must  have  carrying  capacity  sufficient  to  prevent  undue 
heating. 

e.  Must,  when  used  for  service  switches,  indicate,  on  inspection, 
whether  the  current  be  "on"  or  ''off." 

d.  Must  be  plainly  marked,  where  it  will  always  be  visible,  with 
the  name  of  the  maker  and  the  current  and  voltage  for  which  the 
switch  is  designed. 

e.  Must,  for  constant-potential  systems,  operate  successfully  at 
fifty  per  cent,  overload  in  amperes,  with  twenty-five  per  cent, 
excess  voltage  under  the  most  severe  conditions  they  are  liable  to 
meet  with  in  practice. 

f.  Must,  for  constant-potential  sj^steras,  have  a  firm  and  secure 
contact ;  must  make  and  break  readily,  and  not  stop  when  motion 
has  once  been  imparted  by  the  handle. 

g.  Must,  for  constant-current  systems,  close  the  main  circuit 
and  disconnect  the  branch  wires  when  turned  "off";  must  be  so 
constructed  that  they  shall  be  automatic  in  action,  not  stopping 
between  points  when  started,  and  must  prevent  an  arc  between 
the  points  under  all  circumstances.  They  must  indicate,  upon 
inspection,  whether  the  current  be  "  on  "  or  "  off." 

44.  Cut-outs  and  Circuit  Breakers — 

{For  installation  rules,  see  Nos.  17  and  31.) 

a.  Must  be  supported  on  bases  of  non-combustible,  non-ab- 
sorptive insulating  material. 
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h.  Cut-outs  must  be  provided  with  covers,  when  not  arranged 
in  approved  cabinets,  so  as  to  obviate  any  danger  of  the  melted 
fuse  metal  coming  in  contact  with  any  substance  which  might  be 
ignited  thereb3\ 

c.  Cut-outs  must  operate  successfully,  under  the  most  severe 
conditions  they  are  liable  to  meet  with  in  ])ractice,  on  short 
circuits  with  fuses  rated  at  50  per  cent.,  and  with  a  voltage 
25  per  cent.,  above  the  current  and  voltage  for  which  they  are 
designed. 

d.  Circuit-breakers  must  operate  successfully,  under  the  most 
severe  conditions  they  are  liable  to  meet  with  in  practice,  on 
short  circuits  when  set  at  50  per  cent,  above  the  current,  and 
with  a  voltage  25  per  cent,  above  that  for  which  they  are 
designed. 

e.  Must  be  plainly  marked  where  it  will  always  be  visible,  with 
the  name  of  the  maker,  and  current  and  voltage  for  which  the 
device  is  designed. 

45.  Fuses — 

(For  installation  rules,  see  Nos.  17  and  21.) 

a.  Must  have  contact  surfaces  or  tips  of  harder  metal  having 
perfect  electrical  connection  with  the  fusible  part  of  the  strip. 

b.  Must  be  stamped  with  about  eighty  per  cent,  of  the  maxi- 
mum current  they  can  carry  indefinitely,  thus  allowing  about 
twenty-five  per  cent,  overload  before  fuse  melts. 

With  naked  open  fuses,  of  ordinary  shapes  and  not  over  500  amperes  capacity, 
the  ma.riinum  current  whi-^h  will  melt  them  in  about  five  minutes  may  be  safely 
taken  as  the  melting  point,  as  the  fuse  practically  reaches  its  maximum  tempera- 
ture in  this  time.     With  larger  fuses  a  longer  time  is  necessary. 

Inclosed  fuses,  where  the  fuse  is  often  in  contact  with  substances  having  good 
conductivity  to  heat,  and  often  of  considerable  volume,  require  a  much  longer 
time  to  reach  a  maximum  temperature  on  account  of  the  surrounding  material 
which  heats  up  slowly. 

This  data  is  given  to  facilitate  testing. 

c.  Fuse  terminals  must  be  stamped  with  the  maker's  name,  ini- 
tials, or  some  known  trade-mark. 

46.  Cdt-out  Cabinets — 

a.  Must  be  so  constructed,  and  cut-outs  so  arranged,  as  to  ob- 
viate any  danger  of  the  melted  fuse  metal  coming  in  contact  w^ith 
any  substance  which  might  be  ignited  thereby. 
65 
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A  suitable  Imx  can  be  made  of  marble,  slate  or  wood,  .«trongIy  put  together, 
the  door  to  clo«e  against  a  rabbet  so  as  to  be  perfectly  dust  tight,  and  it  should 
be  hung  on  strong  hinges  and  held  closed  by  a  strong  hook  or  catch.  If  the 
box  is  wood  the  inside  should  be  lined  with  sheets  of  asbestos  board  about 
one-sixteenth  of  an  inch  in  thickness,  neatly  put  on  and  firmly  secured  in  place 
by  shellac  and  tacks.  The  wires  should  enter  through  holes  bushed  with  por 
celain  bushings,  the  bushings  tightly  fitting  the  holes  in  the  box  and  the 
wires  tightly  fitting  the  l)ushings  (using  tape  to  build  up  the  wire,  if  neces- 
sary), so  as  to  keep  out  the  dust. 

47.  Sockets — 

(See  No.  27.) 

a.  Xo  portion  of  the  lamp  socket,  or  lamp  base,  exposed  to 
contact  with  outside  objects,  must  be  allowed  to  come  into  elec- 
trical contact  with  either  conductor. 

h.  Must,  when  provided  with  keys,  comply  with  the  require- 
ments for  switches.     (See  Xo.  43.) 

48.  IIaxger-boards — 

a.  Hanger-boards  must  be  so  constructed  that  all  wires  and 
current-carr^'ing  devices  thereon  shall  be  exposed  to  view  and 
thoroughly  insulated  by  being  mounted  on  a  non-combustible, 
non-absorptive  insulating  substance.  All  switches  attached  to  the 
same  must  be  so  constructed  that  they  shall  be  automatic  in  their 
action,  cutting  off  both  poles  to  the  lamp,  not  stopping  between 
points  when  started,  and  23reventing  an  arc  between  points  under 
all  circumstances. 

49.  Arc  La^ip.s — 

{For  installation  rules,  see  No.  19.) 

a.  Must  be  provided  with  reliable  stops  to  prevent  carbons  from 
falling  out  in  case  the  clamps  become  loose. 

Jj.  Must  be  carefully  insulated  from  the  circuit  in  all  their  ex- 
posed parts. 

c.  Must,  for  constant-current  systems,  be  provided  with  an 
approved  hand  switch,  also  an  automatic  switch  that  will  shunt 
the  current  around  the  carbons,  should  they  fail  to  feed  properly. 

The  hand  switch  to  be  approved,  if  placed  anywhere  except  on 
the  lamp  itself,  must  comply  with  requirements  for  switches  on 
hancrer-boards  as  laid  down  in  Eule  48. 
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50.  Spark  Arresters — 

{See  No.  19  c.) 

a.  Spark  arresters  must  so  close  tlie  upper  oritice  of  the  globe 
that  it  will  be  impossible  for  any  sparks  thrown  off  by  the  car- 
bons to  escape. 

51.  Insulating  Joints — 

{See  No.  26  a.) 

a.  Must  be  entirely  made  of  material  that  will  resist  the  action 
of  illuminating  gases  and  will  not  give  way  or  soften  under  the 
heat  of  an  ordinary  gas  flame  or  leak  under  a  moderate  pressure. 
They  shall  be  so  arranged  that  a  deposit  of  moisture  will  not  de- 
stroy the  insulating  effect  and  shall  have  an  insulating  resistance 
of  at  least  250,000  ohms  between  the  gas-pipe  attachments,  and 
be  sufficiently  strong  to  resist  the  strain  they  will  be  liable  to  be 
subjected  to  in  being  installed. 

h.  Insulating  joints  having  soft  rubber  in  their  construction  will 
not  be  approved. 

52.  Resistance  Boxes  and  Equalizers — 

{For  installation  rules,  see  No.  4.) 
a.  Must  be  equipped  with  metal,  or  with  other  non-combustible 
frames. 

The  word  "  frame  "  in  tbis  section  relates  to  tlie  entire  case  and  surroundings 
of  til e  rheostat  and  not  alone  to  the  upholding  supports. 

53.  Reactive  Coils  and  Condensers — 

a.  lieactive  coils  must  be  made  of  non-combustible  material, 
mounted  on  non-combustible  bases,  and  treated,  in  genei-al,  like 
sources  of  heat. 

h.  Condensers  must  be  treated  like  apparatus  operating  witli 
equivalent  voltage  and  currents.  They  must  liave  non-combustible 
cases  and  supports  and  must  be  isolated  from  all  combustible  ma- 
terials, and,  in  general,  treated  like  sources  of  heat. 

54.  Transformers — 

{For  installation  rides,  see  Nos.  11  and  33.) 

a.  Must  not  be  placed  in  any  but  metallic  or  other  non-com- 
bustible  cases. 
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55.  Lightning  Arresters — 

{For  installation  rules,  see  No.  5.) 

a.  Must  be  mounted  on  non-combustible  bases  and  must  be  so 
constructed  as  not  to  maintain  an  arc  after  the  discharge  has 
passed,  and  must  have  no  moving  parts. 


CLASS  E. 
MISCELLAXEOUS. 

56.  Insulation  Resistance — 

The  wiring  in  any  building  must  test  free  from  grounds.,  i.e., 
the  complete  installation  must  have  an  insulation  between  con- 
ductors and  between  all  conductors  and  the  ground  (not  including 
attachments,  sockets,  receptacles,  etc.)  of  not  less  than  the  fol- 
lowing : 

Up  to        5  amperes 4,000,000 

10  ••        2,000,000 

25  "         800.000 

50  "         400,000 

100  "         200,000 

200  " 100,000 

400  '• 50,000 

800  "        25,000 

"    1,600  "        and  over 12,500 

All  cut-outs  and  safety  devices  in  place  in  the  above. 
Where  lamp  sockets,  receptacles,  and  electroliers,  etc.,  are  con- 
nected, one-half  of  the  above  will  be  required. 

57.  Protection  Against  Foreign  Currents — 

a.  Where  telephone,  telegraph,  or  other  wires,  connected  with 
outside  circuits,  are  bunched  together  within  any  building,  or 
where  inside  wires  are  laid  in  conduits  or  ducts  with  electric  hght 
or  power  wires,  the  covering  of  such  wires  must  be  fire-resisting, 
or  else  the  wires  must  be  inclosed  in  an  air-tight  tube  or  duct. 

I.  All  aerial  conductors  and  underground  conductors,  which 
are  directly  connected  to  aerial  wires,  connecting  with  telephone, 
telegraph,  district  messenger,  burglar-alarm,  watch-clock,  electric 
time,  and  other  similar  instruments,  must  be  provided  near  the  point 
of  entrance  to  the  building  with  some  approved  protective  device 
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Avliicli  will  operate  to  slmnt  the  instruments  in  case  of  a  dangerous 
rise  of  potential  and  will  open  the  circuit  and  arrest  any  abnor- 
mal current  Wow.  Any  conductor  normally  forming  an  innocuous 
circuit  may  become  a  source  of  fire  hazard  if  crossed  with  another 
conductor  charged  with  a  relatively  high  pressure. 

Protectors  must  have  a  non-combustible  insulating  base  and 
the  cover  to  be  provided  with  a  lock  similar  to  the  lock  now 
placed  on  tele})hone  apparatus  or  some  equally  secure  fastening, 
and  to  be  installed  uniler  the  following  requirements: 

1.  Tlie  protector  to  be  located  at  tbe  point  where  the  wires  enter  the  building, 
•either  immediately  inside  or  outside  of  the  same.  If  outside,  the  protector  to  be 
enclosed  in  a  metallic,  waterproof  case. 

2.  If  the  protector  is  placed  inside  of  building,  the  wires  of  the  circuit  from 
the  support  outside  to  the  binding  posts  of  the  protector  to  be  of  such  insulation 
as  is  ap])roved  for  service  wires  of  electric  light  and  power  (see  No.  40  a)  and  the 
holes  through  the  outer  wall  to  be  protected  by  bushing  the  same  as  required  for 
electric  light  and  power  service  wires. 

3.  The  wire  from  the  point  of  entrance  to  the  protector  to  l)e  run  in  accord- 
ance with  rules  for  high-potential  wires  ;  i.e.,  free  of  contact  with  building  and 
supported  on  non-combustible  insulators 

4.  The  ground  wire  shall  be  insulated  not  smaller  than  No.  16  B.  &  S.  gauge 
copper  wire.  This  ground  wire  shall  be  kept  at  least  three  inches  from  all  con- 
ductors and  shall  never  be  secured  by  uninsulated,  double-pointed  tacks  and 
must  be  run  in  as  straight  a  line  as  possible  to  the  ground  connection. 

5.  The  ground  wire  shall  be  attached  to  a  water  pipe  if  possible,  otherwise 
may  be  attached  to  a  gas  pipe.  The  ground  wire  shall  be  carried  to,  and  attached 
to,  the  pipe  outside  of  the  first  joint  or  coupling  inside  the  foundation  walls 
and  the  connection  shall  be  made  by  soldering,  if  possible.  In  the  absence  of 
other  good  ground,  the  ground  shall  be  made  by  means  of  a  metallic  plate  or  a 
bunch  of  wires  buried  in  a  permanently  moist  earth. 

58.  Electric  Ga.s  Lighting — 

Where  electric  gas  lighting  is  to  be  used  on  the  same  fixture 
"with  the  electric  light : 

a.  Xo  part  of  the  gas  piping  or  fixture  shall  be  in  electric  con- 
nection with  the  gas  lighting  circuit. 

h.  The  wires  used  with  the  fixtures  must  have  a  non-inflam- 
mable insulation,  or,  where  concealed  between  the  pi])e  and  shell 
of  the  fixture,  the  insulation  must  be  such  as  required  for  fixture 
wirino-  for  the  electric  lio-ht. 

c.  The  whole  installation  must  test  free  from  "  grounds." 

d.  The  two  installations  must  test  perfectly  free  from  connec- 
tion with  each  other. 
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50.  Soldering  Fluid — 
a.  The  following  formula  for  soldering  fluid  is  suggested  : 

Saturated  solution  of  zinc  chloride T)  parts. 

Alcohol 4  parts. 

(Glycerine 1  i)art, 

XOTE. — It  has  been  deemed  advisaljle  to  eliminate  from  this  edition  of  the 
National  Electrical  Code  the  su]iplement  giving  the  list  of  approved  materials 
and  names  of  manufacturers  of  the  same,  which  appears  in  the  copies  sent  out 
by  the  National  Board  of  Fire  Underwriters  and  appearing  on  pages  44  and  45. 

This  is  in  accordance  with  the  action  taken  at  a  meeting  of  the  Conference 
relative  to  the  publication  by  the  National  Conference  of  the  National  Electrical 
Code. 


CLASS  F. 

MARIKE  WORK. 

60.  Generators — 

a.  Must  be  located  in  a  dry  place. 

h.  Must  have  their  frames  insulated  from  their  bed-plates. 

c.  Must  each  be  provided  with  a  waterproof  cover. 

d.  Must  each  be  provided  with  a  name-plate,  giving  the 
maker's  name,  the  capacity  in  voltage  and  amperes  and  normal 
speed  in  revolutions  per  minute. 

61.  Wires — 

•    a.  Must  have  an  a'p'proved  insulating  covering. 

The  insulation  for  all  conductors,  except  for  portables,  to  be  approved,  must 
be  at  least  one-eighth  inch  in  thickness  and  be  covered  with  a  substantial  water- 
proof and  flameproof  braid.  The  physical  characteristics  shall  not  l)e  affected  by 
any  change  in  temperature  up  to  300  degrees  Fahrenheit.  After  two  weeks' 
siibmersion  in  salt  water  at  70  degrees  Fahrenheit  it  must  show  an  insulation 
resistance  of  one  megohm  per  mile  after  three  minutes  electrification,  with  550 
volts. 

h.  Must  have  no  single  wire  larger  than  No.  12  B.  &  S.  Wires 
to  be  stranded  when  greater  carrying  capacity  is  required.  No 
single  solid  wire  smaller  than  No.  14  B.  &  S.,  except  in  fixture 
wiring,  to  be  used. 

Stranded  wires  must  be  soldered  before  being  fastened  under  clamps  or  bind- 
ing screws,  and  when  they  have  a  conductivity  greater  than  No.  10  B.  &  S.  cop- 
per wire  they  must  be  soldered  into  lugs. 
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c.  Must  be  supported  iu  approved  moulding,  except  as  switcli- 
boanls  and  portables. 

Special  permission  may  be  given  for  deviation  from  this  rule  in  dynamo 
rooms. 

d.  Must  be  bushed  with  hard  rubber  tubing  one-eighth  inch  in 
thickness  when  passing  througli  beams  and  non-watertight  bulk- 
heads. 

e.  Must  have,  when  passing  through  watertight  bulkheads  and 
through  all  decks,  a  metallic  stuffing  tube  lined  with  hard  rubber. 
In  case  of  deck  tubes  they  shall  be  boxed  near  deck  to  prevent 
mechanical  injury. 

f.  Splices  or  taps  in  conductors  must  be  avoided  as  far  as  pos- 
silDle,  Where  it  is  necessary  to  make  them  thc}^  must  be  so  spliced 
or  joined  as  to  be  both  mechanically  and  electrically  secure  with- 
out solder.  They  must  then  be  soldered,  to  insure  preservation, 
covered  with  an  insulating  compound  equal  to  the  insulation  of 
the  wire  and  further  protected  by  a  waterproof  tape.  The  joint 
must  then  be  coated  or  painted  with  a  waterproof  compound. 

62.  Portable  Conductors — 

a.  Must  be  made  of  two  stranded  conductors,  each  having  a 
carrying  capacity  equivalent  to  not  less  than  No.  1-1  B.  cfe  S.  Avire, 
and  each  covered  with  an  approved  insulation  and  covering. 

Where  not  exposed  to  moisture  or  severe  mechanical  injury,  each  stranded 
conductor  must  have  a  solid  insulation  at  least  one-thirty-secnnd  of  an  inch  in 
thickness,  and  must  show  an  insulation  resistance  between  conductors,  and 
between  either  conductor  and  the  ground,  of  at  least  one  megohm  per  mile  after 
one  week's  submersion  in  water  at  seventy  degree  Farenheit  and  after  three 
minutes'  electrification  with  500  volts,  and  be  protected  by  a  slow-burning, 
tough,  braided  outer  covering. 

Where  exposed  to  moisture  and  mechanical  injury — as  for  use  on  decks, 
holds,  and  fire  rooms— each  stranded  conductor  shall  have  a  solid  insulation,  to 
be  approved,  of  at  least  one-thirty-second  of  an  inch  in  thickness  and  protected 
by  a  tough  braid.  The  two  conductors  shall  then  be  stranded  together,  using 
a  jute  filling.  The  whole  shall  then  be  covered  with  a  layer  of  flax,  either 
woven  or  braided,  at  least  one-thirty -second  of  an  inch  in  thickness  and  treated 
with  a  non-inflammable  waterproof  compound.  After  one  week's  submersion  in 
water  at  seventy  degrees  Fahrenheit,  with  550  volts  and  a  three  minutes'  elec- 
trification, must  show  an  insulation  between  the  two  conductors,  or  between 
either  conductor  and  the  ground,  of  one  megohm  per  mile. 

63.  Bell  or  Other  Wires — ■ 

a.  Shall  never  be  run  in  same  duct  with  lighting  or  power 
wires. 
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C-t.  Tab] 

B.  &  S.  G. 
19 

18 
17 
16 
15 
14 
12 
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Capacity  of 

Wires — 

Ari-a  Actual 
C.  M. 

No.  of  Strands 

1,288 

1,024 

2.048 

2,583 

2,257 

4,107 

6.530 

9,016 

7 

11,308 

7 

14,336 

7 

18,081 

7 

2,709 

7 

30.856 

19 

38,913 

19 

49,077 

19 

60,088 

37 

75,776 

37 

99,064 

61 

124.928 

61 

157.568 

61 

198,677 

61 

250,527 

61 

296,387 

91 

373.737 

91 

413,639 

12 

( 

Size  of  Strands 
B.  &  S.  G. 


19 

18 
17 
16 
15 
18 
17 
16 
18 
17 
18 
17 
16 
15 
14 
15 
14 
15 


Amperes. 

3 
6 

12 

17 

21 

25 

30 

35 

40 

50 

60 

70 

85 
100 
120 
145 
170 
200 
235 
270 
320 
340 


When  greater  conducting  area  than  that  of  12  B.  &  S.  G.  is  required,  the  con- 
ductor shall  be  stranded  in  a  series  of  7,  19,  37,  61,  91  or  127  wires,  as  may  be 
required  ;  tlie  strand  consisting  of  one  central  wire  ;  the  remainder  laid  around 
it  concentrically,  each  layer  to  be  twisted  in  the  opposite  direction  from  the  pre- 
ceding. 

€5.    SWITCHBOAEDS 

a.  Must  be  made  of  non-combustible,  non-absorptive  insulating 
material,  such  as  marble  or  slate. 

h.  Must  be  kept  free  from  moisture,  and  must  be  located  so  as 
to  be  accessible  from  all  sides. 

c.  Must  have  a  main  switch,  main  cut-out  and  ammeter  for 
each  generator. 

Must  also  have  a  voltmeter  and  a  ground  detector. 

d.  Must  have  a  cut-out  and  switch  for  each  side  of  each  circuit 
leading  from  board. 

<)Q.  Resistance  Boxes — 

a.  Must  be  made  of  non-combustible  material. 
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h.  Must  be  located  on  switchboard  or  awa}'  from  corab^^stible 
material.  AVheu  not  placed  on  switchboard  they  must  be 
mounted  on  non-intlammable,  non-absorptive  insulating  material. 

c.  Must  be  so  constructed  as  to  allow  sufficient  ventilation  for 
the  uses  to  which  they  are  put. 

G7.    SWITOMKS — 

a.  Must  have  non  -  combustible,  non  -  absorptive  insulating 
bases. 

h.  Must  operate  successfully  at  fifty  per  cent,  overload  in 
amperes  with  twenty -five  per  cent,  excess  voltage,  under  the  most 
severe  conditions  they  are  liable  to  meet  with  in  practice,  and 
must  be  plainly  marked  where  it  will  always  be  visible  with  the 
name  of  the  maker  and  the  current  and  voltage  for  which  the 
switch  is  designed. 

c.  Must  be  double-pole  when  circuits  which  they  control  supply 
more  than  six  10-candle-power  lamps  or  their  equivalent. 

d.  When  exposed  to  dampness,  they  must  be  enclosed  in  a 
watertight  case. 

68.  Cut-outs — 

a.  Must  have  non-combustible,  non-absorptive  insulating  bases. 

h.  Must  operate  successfully,  under  the  most  severe  conditions 
they  are  liable  to  meet  with  in  practice,  on  short  circuit  with  fuse 
rated  at  fifty  per  cent,  above,  and  with  a  voltage  twenty-five  per 
cent,  above  the  current  and  voltage  they  are  designed  for,  and 
must  be  plainly  marked  where  they  will  always  be  visible  with 
the  name  of  the  maker  and  current  and  voltage  for  which  the 
device  is  designed. 

c.  Must  be  placed  at  every  point  where  a  change  is  made  in 
the  size  of  the  wire,  unless  the  cut-out  in  the  larger  wire  Avill 
protect  the  smaller. 

d.  In  places  such  as  upper  decks,  holds,  cargo  spaces,  and  fire 
rooms  a  watertight  and  fireproof  cut-out  may  be  used,  connect- 
ing directly  to  mains  when  such  cut-out  supplies  not  more  than 
six  16-candle-power  lamps  or  their  equivalent. 

€.  When  placed  anywhere  except  on  switchboards  and  certain 
places,  as  cargo  spaces,  holds,  fire  rooms,  etc.,  where  it  is  impos- 
sible to  run  from  centre  of  d-istribution,  they  shall  be  in  a  cabinet 
lined  with  fire-resistino'  materials. 
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f.  Except  for  motors,  search-lights,  aud  diving  lamps,  shall  l)e  so 
placed  that  no  group  of  lam])S,  requiring  a  cui'reut  of  more  tlian 
six  ani])eres,  shall  ultimately  be  dependent  upon  one  cut-out. 

A  siugle-pole  covered  cut-out  may  be  placed  in  the  moulding  when  same  con- 
tains conductors  supplying  current  for  not  more  than  two  16-candle-power  lamps 
or  their  equivalent. 

09.   Fixtures — 

a.  Shall  be  mounted  on  blocks  made  from  well-seasoned  lum- 
ber treated  with  two  coats  of  white  lead  or  shellac. 

h.  Where  exposed  to  dampness,  the  lamp  must  be  surrounded 
by  a  va])or-proof  globe. 

c.  "Where  exposed  to  mechanical  injury,  the  lamj)  must  be  sur- 
rounded by  a  globe  protected  by  a  stout  wire  guard. 

(I.  Shall  be  wired  with  same  grade  of  insulation  as  portable 
conductors  which  are  not  exposed  to  moisture  or  mechanical 
injury. 

70.  Sockets — 

a.  jS^o  portion  of  the  lamp  socket  or  lamp  base  exposed  to  con- 
tact with  outside  objects  shall  be  allowed  to  come  into  electrical 
contact  with  either  of  the  conductors. 

71.  "WOODEX    MOULDIXGS — 

a.  Must  be  made  of  well-seasoned  lumber  and  be  treated  inside 
and  out  with  at  least  two  coats  of  white  lead  or  shellac. 

I.  Must  be  made  of  two  pieces,  a  backing  and  a  capping,  so 
constructed  as  to  thoroughly  incase  the  wire  and  provide  a  one- 
half-inch  tongue  between  the  conductors  and  a  solid  backing 
which,  under  grooves,  shall  not  be  less  than  three-eighths  inch  in 
thickness. 

c.  Where  moulding  is  run  over  rivets,  beams,  etc.,  a  backing 
stri]i  must  first  be  put  up  and  the  moulding  secured  to  this. 

d.  Capping  must  be  secured  by  brass  screws. 

72.  Motors — 

a.  Must  be  wired  under  the  same  precautions  as  with  a  current 
of  same  volume  and  potential  for  lighting.  The  motor  and  resist- 
ance box  must  be  protected  by  a  double-pole  cut-out  and  con- 


APPENDIX.  1021 

trolled  by  a  double-pole  switch,  except  in  cases  where  one-quarter 
horse-power  or  less  is  used. 

The  lead;*  or  branch  circuits  should  be  desigued  to  carry  a  current  at  least  fifty 
per  cent,  greater  than  that  required  by  the  rated  capacity  of  the  motor,  to  provide 
for  the  inevitable  overloading  of  the  motor  at  times. 

Ij.  Must  be  thoroughly  insulated.  "Where  possible,  sliould  be 
set  on  base  frames  made  from  filled,  hard,  dry  wood  and  raised 
above  surrounding  deck.  On  hoists  and  winclies  they  shall  be 
insulated  from  betl-plates  by  hard  rubber,  fibre,  or  similar  insulat- 
ino-  material. 
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Acid  fumes 10  c,  24  jf  and  A; 

Arc  lamps,  construction  of 49 

Arc  lamps,  installation  of 19 

Arc  lamps,  on  low-potential  circuits. . 29 

Base  frames,  generators  and  motors  1  i,  8  a 

Batteries,  storage  or  primary 10 

Binding  screws,  not  to  bear  strain 8/ 

Bonds,  rails  and  car  houses 3,5  ^ 

Boxing,  where  necessary 18  e,  24/,  32  (^ 

Breweries 24  i  to  k 

Burglar  alarms 57  & 

Burs  and  fins,  fixture  work 26  6 

Bushings,  for  wires 14  (f 

Bushings,  lamp  sockets 28  e 

Bus  bars 2  b,  S  e 

Cabinets  for  cut-outs   46 

Care  and  attendance 6 

Car  houses 35 

Carrying  capacity  table 16. 

Car  wiring  34 

Central  stations 1  to  7 

Circuit  breakers,  construction  of    44 

Circuit  breakers,  installation  of 17,  21  e 

Compensator  coils 30 

Concealed  wiring 24  a  to/and  r  to  t 

Condensers 53  6 

Conductors.     (See  Wires.) 

Conduits,  installation  of 25 

Conduits,  insulated  metal 41  6  to  i' 

Conduits,  to  be  marked 41  a 

Conduits,  uninsulated  metal 41  ^'  and  k 

Conduit  work    24  m  to  q 

Constant-current  systems 18  to  20 

Constant-potential  systems.  General  Rules 21  to  23 

Converters.     (See  Transformers.) 

Cut-out  cabinets 46 

Cut-outs,  construction  of    44 

Cut-outs,  installation  of 17  to  21 

Cut-outs,  marine  work 68 

Cut-outs,  to  be  double-pole ....17a 

Decorative  series  lamps 31 

Distance  between  conductors,  inside 18  d,  24  h,  j  and  s 

Distance  between  conductors,  outside 12& 

Drip  loops  at  service  entrances    12  ^^ 

Dynamo  rooms 1  to  7 
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Economy  coils 30 

Electric  gas  lighting 58 

Electric  heaters 23 

Electro -magnetic  devices  for  switches 20  e 

Equalizers.     (See  Resistance  Boxes.) 

Extra  high  potential  systems 38  and  39 

Feeders,  railway 35 / 

Fished   wires 24  c  and  t 

Fittings  and  materials 40  to  55 

Fixtures 26 

Fixtures,  marine  work G9 

Fixture  wire 40  fZ 

Fixture  wiring 24  u  to  tc 

Flexible  cord,  construction  of  40  c 

Flexible  cord,  construction  of,  heaters 40  c-3 

Flexible  cord,  construction  of,  pendants 40  c-1 

F.exible  cord,  construction  of,  portables 40  c-2 

Flexible  cord,  use  of 28 

Flexible  tubing,  page   45 

Foreign  currents,  protection  against 57 

Formula  for  soldering  iluid . 59 

Fuses,  construction  of 45 

Fuses,  installation  of 17,  21 

Gas  lighting,  electric 58 

General  plan  of  rules,  page 3 

General  suggestions,  page 4 

Generators 1 

Generators,  marine  work j 60 

Grounded  circuits 36 

Grounding  of  dynamo  and  motor  frames 1  c,%  d 

Grounds,  testing  for 7 

Ground  wire  for  lightning  arresters 5-c,  57  /j-5 

Hanger-boards,  construction  of 48 

Hanger-boards,  when  not  used 19  fZ 

Heaters,  electric 23 

High,  constant  potential  systems 32  to  37 

Incandescent  lamps  as  resistances 29  i'; 

Inside  work 14  to  39 

Insulating  joints,  construction  of 51 

Insulating  joints,  when  required 26  /'r 

Insulation  of  trolley  wires 12/: 

Insulation  resistance 56 

Interior  conduits.     (See  Conduits.) 

Joints,  in  conductors 12  /,  14  c 

Joints,  in  interior  conduits 25  f/ 

Joints,  insulating.     (See  Insulating  Joints.) 
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Lamps,  arc.     (See  Arc  Lamps.) 

Lamps,  incande.5cent  series 20 

I.,ightning  arresters,  construction  of 55 

Lightning  arresters,  installation  of 5 

Lights  from  trolley  circuits •  •  ^6 

Lo\v-]iotontial  systems 24  to  31 

Maiine  work 09  to  72 

Materials,  api)roved,  pages 44  and  45 

Mechanical  injury,  jjrotection  against 18  e,  24  e,  32  rf 

Motors 8 

Motors,  marine  work 72 

Moulding,  construction  of 42 

Moulding,  marine  work 71 

Moulding  work 24  a  to  /,  ?,  and  m 

Oily  waste 6  6 

Open  wiring 24  «  to  A; 

Outside  work 12  and  13 

Portable  conductors 40  c-2 

Portable  conductors  for  marine  work 62 

Protective  devices,  signal  circuits 57  & 

Power  from  trolley  circuits 36 

Railway  power  plants 9 

Reactive  coils 53  « 

Resistance  boxes,  construction  of  . ., 52 

Resistance  boxes,  installation  of 4 

Resistance  boxes,  marine  work 66 

Resistance  for  arc  lamps,  low  potential 29  6 

Series  lamps ^1  ^^^  ^^ 

Service  blocks ^26 

Sockets,  construction  of 47 

Sockets,  installation  of 27 

Sockets,  marine  work ''O 

Soldering  fluid  formula 59 

Spark  arresters,  construction  of 50 

Spark  arresters,  when  required 19  c,  29  c 

Storage-battery  rooms lO 

Switchboards ...  .3 

Switchboards,  marine  work , 65 

Switches,  construction  of 43 

Switches,  electro-magnetic 20  c 

Switches,  installation  of 17  ^^^  22 

Switches,  marine  work 67 

Switches,  to  be  double  pole 1 »  * 

Switches,  when  may  be  single  pole 8  c,  22  c 

Systems,  constant  current 18  to  20 

Systems,  constant  potential 21  to  39 


APPENDIX.  1025 

RUI.E  AND 

SECTION. 

Systems,  extra  liigli,  constant  potential 38  and  39 

Systems,  high,  coiistaat  potential 32  to  37 

Systems,  low.  constant  potential 21  to  31 

Telegraph,  telephone,  and  other  signal  circuits 57 

Testing 7 

Transformers  in  rontral  stations : .  .  .11 

Transformers,  construction  of 54 

Transformers,  inside 33 

Transformers,  outside 13 

Tubing,  flexible,  page 45 

Wire,  concentric 40  ^ 

Wire,  fixtures 40  d 

Wire,  insulated  conduit iO  e,  I 

Wire,  insulation  of 40 

Wire,  netting  required  on  arc  lamps 19  c,  29  c 

Wire,  rubber  covered 40  « 

Wire,  uninsulated  conduit 40  e-2 

Wire,  weatherijroof 40  ft 

Wires,  carrying  capacity  table 16 

Wires,  carrying  capacity  table,  marine  work 64 

Wires,  central  stations 2 

Wires,  concealed  work 24  r  to  ^ 

Wires,  conduit  work 24  ft  to  7 

Wires,  distance  between,  inside 18  d,  24  7i,  j  and  s 

Wires,  distance  between,  outside 12  b 

Wires,  extra  high  potential 38  and  39 

Wires,  fished 24  c  and  t 

Wires,  general  rules,  low  potential 24  a  to  f 

Wires,  ground  return 12  w 

Wires,  high  potential 32 

Wires,  inside,  constant  current 18 

Wires,  inside,  general  rules 14 

Wires,  underground 15 

Wires,  marine  work 61 

Wires,  moulding  work 24  I  and  m 

Wires,  open  work,  damp  places 24  *  to  A; 

Wires,  open  work,  dry  places 24  g  and  h 

Wires,  outside,  overhead 13 

Wires,  rubber  covered,  approved  list,  page  . . 44 

Wires,  trolley 12jtom 
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